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Prerequisite to using this publication is a 
thorough knowledge of IBK System/360 Model 
20 machine operations, particularly storage 
addressing, data formats, and machine 
instruction formats and functions. It is 
assumed that the reader has experience with 
programming concepts and techniques or has 
completed basic courses of instruction in 
these areas. 



Publications closely related to this one 
are : 



IBM System/360 Model 20: 

Fun c tio nal,. Characterist ics , Fo r m 
A26-5847. 

Card Pr oqrammin g._Support, Basic Assem- 
bler (Card), Operating Procedures , Form 

C26-3802. 



Card Pro gramming Support, Basic Assem- 
bler (Tape) , Operat ing P rocedures , Fo rm 

C24-9011. 



Card Programming Support, Input/Output 
Cont rol System , Form C26-3603. 

Input/Output Con trol Syst em for the Com- 
muni cation s Adapter, Form C26-3606. 

Inpu t/Ou tput. Con, tirpl^Sjst em for the 
B inary S ynchronous Communications Adapt- 
er. Form C33-4001. 

C ard Programminq^^Support^ Basic. Utility 
P rograms , Functions and Operating^ Proce- 
dures, Form C26-3604. 

Titles and abstracts of other Model 20 SRL 
publications are contained in the IBM 
Syst em/360 Madel 20 Bi bliography , Fo rm 
A26-3565. 
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Computer programs may be expressed either 
in machine language, in other words, lan- 
guage directly interpreted by the computer, 
or in a symbolic language, which is more 
meaningful to the programmer. The symbolic 
language, however, must be translated into 
machine language before the computer can 
execute the program. This function is 
accomplished by an associated processing 
program. 



Of the various symbolic programming lan- 
guages. Assembler languages are closest to 
machine language in form and content. 



The Basic Assembler language discussed 
in this manual is a symbolic programming 
language for the I^M System/360 Model 20. 
It enables the programmer to use all Model 
20 machine functions, as if he were coding 
in Model 20 machine language. 
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Four versions of the Basic Assembler 
program are availaVile: 



Two card versions. These are two-pass 
programs for a Model 20 system that 
includes only card input/output 
devices. One of the versions permits 
the assembly o^ the macro instructions 
associated with the Input/Output Con- 
trol System for the Binary Synchronous 
Communications Adapter (BSCA IOCS) . 

Two tape versions. These versions 
differ from the card versions by being 
one-pass programs and by using magnetic 
tape as an intermediate storage medium, 
thus reducing card-handling and assem- 
bly time. 



Note: The CPS Input/Output Control System 
(IOCS) routines can be assembled by means 
of either version. 



DEFINITIONS 

Terms used in this publication are defined 
in the glossary provided in Appendix H. 



BASIC ASSEMBLER LANGUAGE STATEMENTS 

Program statements (source statements) 
written in Basic Assembler language may 
consist of: a name to identify the state- 
ment; a svin h nl ic...Q.Der.atl.on rn d.p fmnemonic ])^^ 
to identify the function the statement 
represents; one or more items called 
operands, to designate the data or storage 
locations used in the operation; and 
comments . 



Programs wr 
guage may cons 
instructions: 
•rogram linkin 




macro instruct 
tions. There 
"for all i.nstru 
language . 



itten in Basic Assembler lan- 
ist of up to five types of 

definition instructions, 
q, instructions. Basic Assem- 

including IBM-supplied I/O 
ions) , and machine jnst.ruc- 
are predefined mnemonic codes 
ctions in the Basic Assembler 



Definition instructions are_used to 
reserve s t o r^aSj^j to define constants, and 
1 6 "e guaTe sy m b ol s to the attributes of an 
expr ess ion . 



Program linking instructions are used to 
link p r o a r ^ m ...a&Crt, J,, o n s ...f .o r i o i at ex.e.c. u t ion. 



Basic Assembler control instructions are 
used to begin assembly, end asspmhly- ^nd- 
set the location counterT 



Input/output instructions designate the 

Tr^^^&a,Ai,ajW The use of IOCS macro 
instructions saves programming time because 
it relieves the user of having to code, 
test, and provide linkages to his own I/O 
routines. 



Machine instructions direct the computer 
to execute certain operations. The Basic 
Assembler praduces an equivalent internal 
machine instruction in the object program 
from each machine instruction in the source 
program. 
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BASIC ASSEMBLER LANGUAGE FEATURES 



Variety in Data Representation 

Decimal, hexadecimal, or character repre- 
sentation of machine-language binary values 
may be employed by the programmer in writ- 
ing source statements. The programmer 
selects the representation best suited to 
his purpose. 



Base .Register Address Calculation 

The Kodel 20 Basic Assembler language pro- 
vides for two methods of addressing: 

1. The address may be specified as a dis- 
placement plus a base register the con- 
tents of which are added to the displa- 
cement. The base register may be one 
of the general registers 8 through 15 
or one of the pseudo base registers 
through 3. (If a Submodel 5 is used, 
pseudo registers 0-7 are available. 
However, 0-3 are the only pseudo regis- 
ters recognized in CPS programs.) 

a. When using a general register, the 
register contents can be controlled 
by the programmer. 

b. When using a pseudo base register, 
the register contents are assumed 
to be fixed (i.e., 0, 4096, 8192, 
and 12288) . This corresponds to 
what is termed direct addressing in 
the Model ?0 S^tT^T^rxcaTrofrTmcz 
tional Characteristics , Form 
A26-5847. 

2. The address may be specified symbolic- 
ally without the use of a base regis- 
ter. In this case, the Basic Assembler 
assumes the clerical burden of^ comput- 
ing storage locations in terms of a 
base address and a displacement. 



Relocat ability \ 

The object programs produced by the Basic 
Assembler may be in a format enabling relo- 
cation from the originally assigned storage 
area to any other suitable area. 



Program Linking 

The linking facilities of the Basic Assem- 
bler language and program allow symbols to 
be defined in one assembly and referred to 
in another, thus e-f'fecting a link between 
separately assembled programs. This per- 
mits reference to '^ata and/or transfer of 
control between programs. A discussion of 
linking is contained under Program Linking , 



Program Listinqa 

A listing of the source-program statements 
and the resulting object-program statements 
is produced by the Basic Assembler for each 
source program it assembles. The program- 
mer can partly control the form and con- 
tents of the listing. 



Error Indications 

As a source program is assembled, it is 
analyzed for actual or potential errors in 
the use of the Basic Assembler language. 
Detected errors are indicated in the pro- 
gram listing. 



MINIMUM SYSTEM CONFIGURATION 

The minimum system configuration for 
assembling and executing Basic Assembler 
programs is as follows. The configuration 
applies to all versions of the program 
except where indicated. 

Submodel 2 

• An IBM 2020 Central Processing Unit, 
Model B2 for the normal version, or C2 
for the BSCA version (4096 or 8192 bytes 
of main storage) ; 

• one of the fallowing card units: 

IBM 2560 Multi-Function Card Machine, 
Model A1, 

IBM 2520 Card Read-Punch, Model A1, 
IBM 2501 Card Reader, Model A1 or A2 
with either an IBM 2520 Card Punch, 
Model A2 or A3, or an IBM 1442 Card 
Punch, Model 5; 

• an IBM 2415 Magnetic Tape Unit, Model 1 
or 4 (for the tape versions only); 

• one of the following printers: 

IBM 1403 Printer, Model N1, 2, or 7, 
IBM 2203 Printer, Model A1; 

Submodel 3 

• an IBM 2020 Central Processing Unit, 
Model B3 (4096 bytes of main storage); 

• an IBM 2560 Multi-Function Card Machine, 
Model A2; 

• an IBM 2203 Printer, Model A2. 
Submodel 4 

• an IBM 2020 Central Processing Unit, 
Model B4 (4096 bytes of main storage) ; 

• an IBM 2560 Multi-Function Card Machine, 
Model A2; 
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• an IBM 2203 Printer, Model A2. 
Sul3njodel_ 5 

• an IBM 2020 Central Processing Unit, 
Model C5 (8192 bytes of main storage) ; 

• one of the following card units; 

IBM 2560 Multi-Function Card Machine, 
Model A1, 

IBM 2520 Card Read Punch, Model A1, 
IBM 2501 Card Reader, Model A1 or A2 
with either an TBM 2520 Card Punch, 
Model A2 or A3, or an IBM 1442 Card 
Punch, Model 5; 

• an IBM 2415 Magnetic Tape Unit, Model 1 
or 4 (for the tape versions only) ; 

• one of the following printers: 

IBM 1403 Printer, Model N1, 2, or 7, 
IBM 2203 Printer, Model A1. 

No te 1 ; CPS does not support main storage 
sizes of 24K and 32K, but CPS programs will 
run on Models DC5 and E5 although only 16K 
bytes are used. (The maximum value of the 
location counter is X'3FFF'. Therefore, 
the Basic Assembler will not permit 
references to addresses greater than this.) 

Note_2: If 7-track tapes are used, the 
data-conversion feature is required. 



MAXIMUM SYSTEM CONFIGURATION 

Basic Assembler obiect programs may be pro- 
duced for the following maximum system 
configurations. 

Submodel_2 

• An IBM 2020 Central Processing Unit, 
Model D2 (16,384 bytes of main storage); 
with or without IBM Binary Synchronous 
Communications Adapter, Feature No. 
2074; 

• two IBM 2311 Disk Storage Drives, Model 
11 or 12 (both must be the same model); 

• an IBM 2415 Magnetic Tape Unit, Model 1 
through 6; 

• an IBM 2501 Carfl Reader, Model A1 or A2 ; 

• an IBM 1442 Card Punch, Model 5; 

• one of the following card units: 
IBM 2520 Card Read-Punch, Model A1, 
IBM 2520 Card Punch, Model A2 or A3, 
IBM 2560 Multi-Function Card Machine, 
Model A 1; 

• one of the following printers: 

IBM 1403 Printer, Model N1, 2, or 7, 
IBM 2203 Printer, Model A1; 



• one of the following magnetic character 
readers: 

IBM 1419 Magnetic Character Reader, 
Model 1 or 31 , 

IBM 1259 Magnetic Character Reader, 
Model 1, 31, or 32; 



• an IBM 2152 Printer- Keyboard . 
Subm odel 3 

• an IBM 2020 Central Processing Unit, 
Model D3 (16,384 bytes of main storage); 

• an IBM 2560 Multi-Function Card Machine, 
Model A2; 

• an IBM 2203 Printer, Model A2. 
Sub m odel 4 

• an IBM 2020 Central Processing Unit, 
Model D4 (16,384 bytes of main storage) ; 
with or without IBM Binary Synchronous 
Communications Adapter, Feature 

No. 2074; 

• two IBM 2311 Disk Storage Drives, Model 
12; 

• an IBM 2560 Multi-Function Card Machine, 
Model A2; 

•an IBM 2203 Printer, Model A2 ; 

• an IBM 2152 Printer- Keyboard . 
Submodel 5 

• an IBM 2020 Central Processing Unit, 
Model D5 (16,384 bytes of main storage) ; 
with or without IBM Binary Synchronous 
Communications Adapter, Feature 

No. 2074; 

• four IBM 2311 Disk Storage Drives, Model 
11 or 12; 

• an IBM 2415 Magnetic Tape Unit, Model 1 
through 6; 

• an IBM 2501 Card Reader, Model A1 or A2 ; 

• an IBM 1442 Card Punch, Model 5; 

• one of the following card units: 
IBM 2520 Card Read-Punch, Model A1, 
IBM 2520 Card Punch, Model A2 or A3, 
IBM 2560 Multi-Function Card Machine, 
Model A1; 

• one of the following printers: 

IBM 1403 Printer, Model N1, 2, or 7, 
IBM 2203 Printer, Model Al; 

• one of the following magnetic character 
readers: 
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IBM 1419 Magnetic Character Reader, 
Model 1 or 31, 

IBM 1259 Magnetic Character Reader, 
Model 1 , 31 , or 32; 

• an IBM 2152 Printer- Keyboard . 

N ote ; CPS does not support main storage 
sizes of 24K and 32K, but CPS programs will 
run on Models DC5 and E5 although only 16K 
bytes are used. 



LANGUAGE COMPATIBILITY 

The IBM Systein/360 Model 20 Basic Assembler 
language is compatible with the Basic 
Assembler language for the other models of 
the IBM System/360, except where dif- 
ferences in machine design make it neces- 
sary to include some instructions in the 
Model 20 Basic Assembler language that are 
not contained in the System/360 Basic 
Assembler language. The mnemonics of these 
Model 20 instructions are: 



BAS 

BASR 

CIO 

HPR 

SPSW 

TIOB 

XIO 



The use of the CIO, SPSW, TIOB, and XIO 
instructions in Model 20 programs can be 
avoided by using IOCS macro instructions to 
satisfy input/output requirements. 

Programs that are written in the Model 
20 Basic Assembler language and contain 
statements with blank operands cannot be 
assembled by other System/360 Assembler 
programs. 

In addition, the use and the functions 
of registers through 3 in Model 20 pro- 
gramming differ from the corresponding 
registers on other models of the IBM 
System/360. 
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CODING CONVENTIONS 

Statements in Basic Assembler language can 
be written in free format; in other words, 
the statement components need not begin in 
a specified column of the coding sheet. 
(The name of a statement, which must begin 
in column 25, is an exception to this 
rale.) However, the statement components 
must be separated from each other by at 
least one blank column. 

For the purpose of clarity, most pro- 
grammers do not use the free format but 
prefer to begin each type of statement com- 
ponent in a specific column of the coding 
sheet . 

The_Codinc[_Forin 

The coding form shown in Figure 1 is 
designed to satisfy this preference. This 
form — the IBM System/360 Assembler Short 



Coding Form (No. X2B-6506-2) -- contains a 
statement field which extends from column 
25 to column 71 and is broken down into 
three sub-fields: the name field (cols. 

25-30), the operation field (cols. 32-36), 
and the operand field (cols. 38-71). 



The column numbers on the coding form 
refer to the column numbers on the cards 
into which the source program is to be 
punched . 

For the purpose of alignment, each entry 
in one of the sub-fields should begin in 
the leftmost column of the sub-field. 
Thus, the operation entry should begin in 
column 32 and the operand entry should 
begin in column 38. (Note that the name 
entry must begin in column 25.) Figure 2 
shows a coding form with a number of typic- 
al statements in the Basic Assembler 
language. 
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Figure 1. The IBM ?ystem/360 Assembler S.hort Coding Form 



STATEMENT 


















n 


Name 
25 30 




Operation 
32 36 




Operand Comments 
38 45 50 55 60 65 71 


Identification- 
Sequence 
73 80 
















s 


T 


A 


R 


T 




3 


h- 















































































'" 






a 


a. 


N 










B 


7^ 


^ 


R 






i 


3 


1 

































































































U 


s 


I 


N 


G 




* 




i 


b 












































































- 
















M 


V 


c 











u 


r 


+ 


^ 


r 


3 


) 


« 


c 


1 














































































L 


H 










i 





1 


c 


^ 














































































K 


T 


I 










M 


V 


c 








w 





P. 


K 


■f- 


2 


( 


7 


) 


r 


c 


^ 


























































" 




















V 


P 










IV 





R 


K 


c 


9 


) 


n 


c 


2 


( 


2 


) 












































































^ 


P 













u 


T 


( 


7 


\ 


n 


w 





R 


K 


r 


7 


) 










































































fK 


P 













u 
V 

0. 

I 


T 


-h 


6 


i 


I 


) 


4 


c 


3 


( 


i 


} 






-- 


































































; 




V 

H 


I 


— 


\ 






I 
J 




-? 


6J 
5 


-9- 


K 


1 





c 


/ 




- 




- 


... 


... 


-■ 




- 




















































N^ 


3 






































^ 


"x 










J 




?^ 




^ 




pP- -i^X-'-' — ^ ^^^;:XD 


^ 


L-J 


I — J 










^ 




^ 








k. 


"^ — ' 
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STATEMENT FORMATS AND COMPONENTS 

A source program that is written in the 
Basic Assembler language is composed of a 
sequence of statements. These statements 
have the following format: 



I 1 1 1 1 

I Name | Operation | Operand (s) | Comments | 
I 1 1 I I 



1<- 



-Instruction- 



->l 



Examples of invalid names: 

3NBR (the first character is not 

alphabetic) 
START (the symbol contains more than 4 

characters) 
RL+8 (the symbol contains a special 

character) 

A programming example that demonstrates 
the use of the name entry is shown in 
Figure 3. 



^'**\ 
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Each source statement is punched into a 
separate card. The deck of cards that con- 
tains all the statements of one source pro- 
gram is referred to as the source program 

deck. 



A Statement may consist of (1) an 
instruction only, or (2) an instruction and 
a comments portion. Instruction entries 
and comments entries are described in two 
separate sections below. 



In struction__En tries 

The instruction entry must contain an 
operation entry, and may contain a name and 
an operand entry. These three types of 
entry are described in the subsequent 
sections. 



The Name En try : The name entry consists of 
a symbol that is placed in the name field 
of the coding form to identify the asso- 
ciated statement. The use of such names is 
optional. 

In the Basic Assembler language, names 
must conform to the following rules. 

1 . The first character of the name must be 
alphabetic. 

2. The name must not be longer than four 
characters. 

3. The name must not contain special char- 
acters or embedded blanks. 

U. The name must begin in column 25 of the 
coding form and in column 25 of the 
source card. 

5. The name must be separated from the 

operation entry by at least one blank. 

Examples of valid names: 

RNT1 
C3U5 
A 
BGN 



Note 1 : For all Joint assemblies (i.e., 
whenever the programmer uses the IOCS and 
wishes to assemble the generated IOCS rou- 
tines with his source program) user pro- 
grams must not contain a name that begins 
with the letter I followed by three numer- 
ical characters (0-9) . In addition to 
this, the name assigned to a file must not 
appear in the name field of any statement 
in the source program. 

Note 2: User programs for joint assemblies 
with the BSCA Basic Assembler must no <- rnn- 
j^ain a name that begins with the letters ID 

followed bv two nuriier j_cal. characters. Oser 

programs for both Joint and separate assem- 
blies of the BSCA Basic Assembler must not 
include the type codes of the BSCA macro 
instructions in a name field. 

The Operation Entry; The operation entry 
consists of a mnemonic ope rati on code that. 
£epresents.. .a..jllLaGHifi.jSl ^ a aasic 

Assembler instruction, or an IOCS macro 
instruction . 

A mnemonic operation code consists of up 
to five alphabetic characters. It must be 
separated from the name entry and the 
operand entry by at least one blank column 
each. 

To understand the terms used in this 
publication, a clear distinction must be 
made between (1) a machine instruction 
written in Basic Assembler language and (2) 
a Basic Assembler instruction. 

A machine instruc tion,- writte n i n the- 
Rasi fi"' A 5 a emb i ]M iui...iiLaP,qV ^q^ is an instruction 
t o th e computer. General d e sc r i p t i ons OT 
■these' instructions are contained in the 
sect iaji^ M achiii e Instruction Statements . 
Detailed descriptions of machine instruc- 
tions are contained in the SRL' publication 
IBM System/360 M odel 20, Functio nal Charac- 
teristics, Form A26-58U7. 

A Basi c Asse mbler instr uction i s an 

instjnj^ jyr,|0|fl |^xiLJ ~W=»mf Sa^s X c Assembler Ero aram . 

TfTerunctions of Basic Ass"i§'l''Cl"'e''FT'ffS'tr'tl'-r^^ 
tions are summarized in Appendix, A. 
Detailed descriptions are contained in the 
pertinent sections of this publication. 
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The IOCS macro instructions are sum- 
marized in the section Input/Output Macro 
Instructions, Detailed descriptions of 
these macro instructions are contained in 
the SRL publication IBM_SYsteni/J60_Model_2 
Card Programming.. Support^.. Input/Output Con- 
trol gystem. Form r26-360 3. 

The following are examples of valid 
operation codes: 

LH load halfword 

AH add halfword 

MVC move characters 

ORG reset location counter 

TIOB test I/O and branch 

The Operand Ent ry: The operand entry pro- 
vides the Basic Assembler program or the 
computer with the information required to 
carry out the instruction specified in the 
operation field. 

An ^ o pe r a ^ n d e n^ t r j,^. may co n s i5jU»'e»&»»'fiyL^ 

...U^^£^i^^^"'"TpeFS*^^ to^desicj- 

nate st orage addresses, to s {:■ e c i f ^ ^„ r eg oist e r 

Ji u mBJL^ . o r ...m^:siJLiLa...XZQ„ i e .v..3x^e.g^ ^ iffli^edizL. 
'flte data, masks, and lengths of atoraoe 

are as • 

.inMtwuiriimimniri... 

An o perand may cons.ist of a symbol. 
(.aa.m,e.i ... a „ c o ns J a n t ,y, ^ o r" 'a '"IEqS xlqj^^ 
sion. . Two examples of compound expressions 
are shown below. 

X'BF' -- defines the hexadecimal con- 
stant PF, which is equal to 
decimal 191. 

GAMA-150 -- designates the storage address 
of GAMA minus 150 bytes. 

Each operand entry must be separated 
from the associated operation entry by at 
least one blank column. In addition, each 
operand entry must be delimited by at least 
one blank column; i.e., any associated com- 
ments entry must be separated from the 
operand entry by at least one blank column. 

For example, the AH instruction requests 
the computer to ad'^ a halfword to the con- 
tents of a register. The operand, there- 
fore, must specify (1) the number of the 
register and (2) the storage address of 
this halfword, as shown in the sample 
statement 



AH 



8,VALX 



The above statement specifies that the 
value (halfword) stored at the location 
whose address is VRLX be added to the con- 
tents of register P. 

The operand entry of the AH instruction 
in the above example consists of two 
operands: the register number 8 and the 



symbolic address VALX. These two operands 
must be separated from each other by a 
comma . 

Note: Operand entries that consist of two 
operands must conform to the format 

operand1,operand2 

and must not contain a blank column. W .^ |;i e n 
the computer encounters a blank column in 
an Qjiexana entry , it considers the operand 

en.tr-y-..,.to b.e t^riinirredT^^^^ «.«»-^. —...«««--,,«** 



o 



I 



The attributes and functions of symbols 
and expressions that may appear in the 
operand field of a statement are described 
in a later section. 

Comments Entries 

The comments entry in a statement provides 
for the insertion of explanatory informa- 
tion into a program listing. Comments do 
not affect the assembly or the execution of 
a program, but they facilitate the reading 
and understanding of a program listing by 
explaining the purpose or function of a 
particular statement. 

Any valid character, including blanks, 
can be used in a comment. Comments entries 
are punched into a statement card to the 
right of the operand entry and separated 
from it by at least one blank column. Com- 
ments entries must not extend beyond column 
71. 

If the desired comments entry cannot be 
accommodated in the space availaible on the 
right of the operand entry, or if comments 
consist of general information that per- 
tains, to a seg-uence of statements, the 
•'comments card" can be used. 

c. omni g. p..t-s^ „ g ?^-.r.f| „a ni ,u s t con tain an asterisk 



^'HKmJ^ 



|vaij^b^^,jor^capSAt§^ Any nOTEer of com- 
ments cards may be inserted anywhere m a 
source-program deck. 

Identification-Sequence "Entrie s 

The identification-sequence field (columns 
73-80 of the coding form) can be used to 
specify identifying information and/or to 
provide the statements of a program with 
segjuence numbers'. SoVe typical 
identification-sequence entries are shown 
in 'the example below. 



Example 1 : 



SALE0001 
SALE0002 



SALE0813 



o 
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Example 2; 



MAIN001 
MAIN002 



MAINO*'? 
ROUT1/01 



If the contents of register 9 are great- 
er than zero (positive) , the BC instruction 
causes the physically next statement (SH 
instruction) to be executed. (Refer to 
Note U.) 



Note 3: 



ROUT1/65 
MAIN0Q8 



MAINUfi6 



The instruction RES1 STH 9,0UTA is executed 
only if the contents of register 9 were 
found to be less than or equal to zero 
(refer to Note 2) . 



Example 3; 



MILLE" 
MILLE'» 



MILLED 



o 



Any identification- sequence entry is 
printed in the program listing as it is 
read. Identification- sequence entries do 
not affect the assembly or the execution of 
the program. 

Sample Sequ ence o f State ments 

Figure 3 shows a sample sequence of state- 
ments in the Basic Assembler language. 
This example illustrates the writing and 
the general function of the statements and 
their components as discussed in the pre- 
ceding sections. 

The comments entries in Figure 3 refer 
to the subsequent notes. 

Note 1: 

The instruction CALC SR 9,10 causes the 
contents of register 10 to be subtracted 
from the contents of register 9. When this 
subtraction has been completed, control is 
transferred to the physically next state- 
ment. (Refer to Note 2.) 

Note 2: 



This STH instruction causes the contents 
of register 9 to be transferred to an (out- 
put) area named ODTA. When this transfer 
has been completed, the physically next 
statement of the program (not shown in this 
example) is executed. 



Note U; 



The instruction SH 9,CON2 is executed only 
if the contents of register 9 were found to 
be greater than zero (refer to Note 2) . 

This SH instruction causes the value 
stored at the symbolic address C0N2 to be 
subtracted from the current contents of 
register 9. When this subtraction has been 
completed, the physically next statement is 
executed. (Refer to Note 5.) 

Note 5: 

The instruction BC 2 , CALC causes a condi- 
tional branch to the symbolic address CALC, 
which is the address of the SR instruction 
referred to in Note 1. 

Note that this BC instruction is 
executed only if the contents of register 9 
were found to be greater than zero in the 
test caused by the instruction BC 12,RES1. 

Note 6: 



The instruction BC 12,RES1 causes a test to 
determine if the contents of register 9 -- 
the register whose contents were changed by 
means of the preceding instruction — are 
equal to or less than zero. 

If they are, this BC instruction causes 
a branch to the symbolic address RES1. 
(Refer to Note 3.) 



The program "loops" through the statement 
sequence beginning with the instruction 
CALC SR 9,10 and ending with the instruc- 
tion BC 2, CALC until the contents of regis- 
ter 9 are found to be less than or equal to 
zero. When this is the case, the instruc- 
tion BC 12, RES 1 causes an exit from the 
loop to the instruction RESI STH 9,0UTA 
(refer to Note 3) . 



^^HjHiglV 
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Figure 3. Sample Sequence of Statements 



THE LANGUAGE STRUCTURE 



THE CHARACTER SET 



The following 44 characters can be used in 
statements written in the Basic Assembler 
language. 

26 alphabetic characters: A through Z 

10 numerical characters: through 9 

8 special characters: *+-,) ('blank 



Self-defining terms must not be confused 
with data constants, which are described in 
the section Definition. Instructions. There 
is a clear distinction in the use of each: 
the Basic Assembler program assembles the 
valu e of a self-defining term, but it 
assembles the address of a data constant. 



A self-defining term is considered abso- 
lute because its value is not changed on 
program relocation. 



O) 



The punch combinations that represent 
these characters are shown in Appendix F. 
However, constants and character self- 
defining terms may contain any of the 256 
punch combinations listed in Appendix F. 



SELF-DEFINING TERMS 



Decimal Self -Defining Terms 

A decimal self-defining terra is an unsigned 
decimal number with a maximum of five 
digits, e.g., 007, 11900, or 3. Its value 
must not exceed 16383. A decimal self- 
defining term is assembled as its binary 
equivalent. 



A self -defining term is a term whose value 
is not assigned by the Basic Assembler pro- 
gram, but is inherent in the terra itself. 
Thus, the decimal digit 3, representing the 
value 3, is a self-defining terra. 



The three types of self-defining terms 
are decimal, hexadecimal, and character 
terras. They can b*» used to specify immedi- 
ate data, masks, registers or addresses, 
and constants. 



Hexadecim al S elf - Defining Te rms 

A hexadecimal self-defining term is a 
sequence of up to four hexadecimal digits 
enclosed in apostrophes and preceded by the 
prefix X (e.g., X' 9' ,X' A4' , X' 20B3' ) • The 
highest hexadecimal self-defining terra is 
3FFF. This value corresponds to the maxi- 
mum decimal self-defining term 16383. Each 
hexadecimal digit is assembled as its U-bit 
binary equivalent, as shown in Figure 4. 



o 
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T n 


r- . ._ - T 


1 Hexadecimal 


Binary | 


1 Digit 
1 


Equivalent | 


1 


0000 1 


1 1 


0001 1 


1 2 


0010 1 


1 3 


0011 1 


1 '^ 


0100 1 


1 5 


0101 1 


1 6 


0110 1 


1 7 


0111 1 


1 8 


1000 1 


1 9 


1001 1 


1 A 


1010 1 


1 B 


1011 1 


1 c 


1100 1 


1 D 


1101 1 


1 E 


1110 1 


1 F 


1111 1 



Figure U. Table o''^ Hexadecimal Self- 
Defining Terms 

A hexadecimal-to-decimal conversion 
table is shown in Rppendix G. 



Character Self-Defi ning.Terms 
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, a single apostrophe 

C ' • ' and a single 



o 



Each character self-defining term is 
assembled as its 8-bit EBCDIC code equiva- 
lent (see Appendix F) . 



SYMBOLS 

Symbols are used to refer to locations in 
main storage by name rather than by the 
actual address. 

A symbol may be placed in the name field 
of one statement and in the operand entry 
of another statement. However, if a symbol 
is to be placed in the operand entry of a 
statement, it must be "defined" elsewhere 
in the program. 

A symbol is considered "defined" when it 
appears 

(a) in the name field of some statement 
within the same program, or 



(b) in the operand of an EXTHN statement 
within the same program. 

A prerequisite for defining a symbol by 
method (b) is that the same symbol appear 
in the operand entry of an ENTRY statement 
and in the name field of some statement in 
another program section. (Refer to the 
section Program Linking for further infor- 
mation about the use of EXTRN and ENTRY 
statements .) 

D efining Symbols 

The Basic Assembler program maintains an 
internal table — the symbol table — where 
it stores all symbols that are used as 
names within a program. Each symbol in the 
table is associated with a storage address, 
which is the setting of the location coun- 
ter at the time the symbol is read. A 
program-generated length attribute and a 
name identification are added. The length 
attribute depends on the basic instruction 
format. The name identification indicates 
whether the symbol is relocatable or abso- 
lute, and whether it is external (defined 
in a separately assembled program section) . 
Thus, a symbol entered in the name field of 
a statement is considered to be defined. 

All symbols that are used as expres- 
sions, i.e., as operands of a statement, 
must be defined. Normally, this can be 
done at the most convenient position in the 
program. The ORG and the EQU instructions, 
however, require the symbols in their 
operands to be previously defined. Other- 
wise, the Basic Assembler identifies these 
statements in the program listing by the 
diagnostic message U (undefined) . 

Relocata ble_and_ Absolut_e Symbols 

In general, a symbol is considered to be 
relocatable because relocat ability is its 
inherent purpose. (Refer to the section 
Absolute and Relocatable Programming . ) 
However, for the convenience of relating 
the meaning of the stored information to 
its symbolic address, a symbol can be 
equated to an absolute address by means of 
the Basic Assembler instruction EQU, which 
is described in the section EQU-Eq uate 
Symbol . 

The Basic Assembler program generates 
the relocatable or absolute attribute of a 
symbol as part of the name identification. 
This attribute is then stored with the sym- 
bol in the symbol table. 

External Symbols 

Limited main storage availability may 
require a program to be divided into a 
number of sections, each of which can be 
assembled separately. 



Characteristics of the Basic Assembler Language 15 



In one program section, the operand 
entry of a statement may contain a symbol 
that is defined in a different program sec- 
tion. This symbol must be introduced by an 
EXTRN statement into the section in which 
it is not defined. In the program section 
where the symbol is defined, it must be 
specified in an EN'^RY statement. The Basic 
Assembler instructions, ENTRY and EXTRN, 
are described in the section Program 
L i n Jc i 113 . 

Restrictions on Symbols 

Each symbol can represent one specific 
storage address only. Therefore, it must 
not be defined twice. The number of sym- 
bols that can be specified in a program 
depends on the available storage capacity, 
as shown in Figure 5. 



Storage 
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of 


Sym 


bo Is 


Allowed 


Capacity 
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Source 


Prog 


ram 


U096 


165 








— 


8192 


8U7 








805* 


12288 


1530 








1487* 


1638U 


2213 








2170* 






* for the BSCA version 

Figure 5. Number of Symbols versus Storage 
Capacity 
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Relative Add ressing 

To avoid a symbol-table overflow, the numb- 
er of symbols can be reduced by means of 
relative addressing. 

The term relative addressing refers to 
the method of specifying storage locations 
by means of a defined symbol plus or minus 
a displacement, or by means of the setting 
of the location counter plus or minus a 
displacement. The following examples show 
some relative addresses. 

FLDA-200 (symbol minus displacement) 
*+12 (location counter plus 

displacement) 
FLDB+X'F' (symbol plus hexadecimal 

displacement) 

Note : The asterisk (*) represents the 
value of the location counter after the 
preceding instruction has been read in. 



and, if required, boundary alignment has 
taken place. 

The use of relative addressing is illus- 
trated in the example below. In this 
example, statement sequence A uses dif- 
ferent symbols to refer to five different 
storage locations: BGN, SYM, AUG, ADD, and 
SUM. In statement sequence B, these five 
storage locations are referred to by only 
two different symbols (BGN and AUG) and by 
three relative addresses: AUG+2 (for ADD), 
*+6 (for SYM), and AUG+U (for SUM) . 



Sequence A 


BGN 


BASR 


13,0 






USING 


♦,13 






LH 


12, AUG 






AH 


12, ADD 






BC 


2 ,SYM 






SR 


12,12 




SYM 


STH 


12, SUM 






BASR 


14,15 




AUG 


DS 


H 




ADD 


DS 


H 




SUM 


DS 


H 


Sequence B 


BGN 


BASR 


13,0 






USING 


*,13 






LH 


1 2 , A UG 






AH 


1,2, AUG + 2 






BC 


2,*+6 






SR 


12,12 






STH 


12, AUG+4 






BASR 


14,15 




AUG 


DS 


H 






DS 


H 






DS 


H 



The relative address AUG+2 can be used 
to replace the symbol ADD because the 
storage area referred to by ADD (see state- 
ment ADD DS H) begins directly behind the 
storage area AUG, which is two bytes" long 
(see statement AUG DS H) . The same applies 
to the replacement of the symbol SUM by the 
relative address AUG+4. 

The branch address SYM is replaced by 
the relative address *+6 (current setting 
of the location counter plus 6 bytes) . 
This relative address causes a branch to 
the location six bytes beyond the BC 
instruction; in other words, to the first 
byte of the instruction STH 12, AUG+4. 



EXPRESSIONS 

An expression is any symbol or self- 
defining term, relocatable or absolute, 
used in the operand entry of a statement. 

Compound Expressions 

An expression that consists of more than 
one symbol or self-defining term and con- 
nected by plus or minus signs is referred 
to as a compound expression. 



O 



I 






o 
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Examples: BETA-10+200 
FLD+X'2D' 
♦-GAMA+200 

Re st rictions. The Basic Assembler program 
considers an expression to be terminated by 
a blank or a comma, depending on the type 
of expression. An expression must not 

• begin with a plus or minus sign, 

• comprise more than three symbols and/or 
self-defining terms, 

• have a negative value at object time (if 
it is absolute) , 

• contain another relocatable symbol if an 
external symbol is part of the 
expression, 

• contain any self-defining term with a 
value >4095 if used as operand of a 
machine instruction, and 

• exceed 16383 (decimal). 

Evaluation o f Expressions 

The Basic Assembler replaces symbolic ex- 
pressions with their numerical equivalents 
by evaluating compound expressions, execut- 
ing arithmetic calculations, and inserting 
the results into the instruction. 

Absolute Expressions 

An expression is considered absolute if it 
contains 



program relocation, in other words, the 
relocation factor is applied to its numer- 
ical equivalent to compute the new storage 
address. 

Relocatable expressions must conform to 
the following rules: 

• A relocatable expression must contain 
either one or three relocatable symbols. 

• If a relocatable expression contains 
three relocatable symbols, one and only 
one of these symbols must be preceded by 
a minus sign. 

• If a relocatable expression contains 
only one relocatable symbol, this symbol 
must not be negative. 

Some examples of valid relocatable ex- 
pressions are shown below. (R stands for 
"relocatable symbol".) 

R+1, R-8, R-R+R, ♦-X»DO' 

The following examples show some invalid 
relocatable expressions. 

R+R (contains two relocatable symbols) 

R+R+R (one of the relocatable symbols 
should be negative) 

16-R (the relocatable symbol must not be 
negative) 

R-R-R (two negative relocatable symbols) 



o 



(1) only self-defining terms and/or abso- 
lute symbols, or 

(2) one positive and one negative relocat- 
able symbol. 

Some examples of absolute expressions are 
shown below. (The symbols PHS1 and PHS2 
are considered relocatable.) 



2510 
PHS2+2510-PHS1 



PHS2-PHS1 
2510-PHS2+PHS1 



Relocatab le Ex press ions 

The value of a relocatable expression is 
changed by the Basic Assembler program on 



LOCATION COUNTER 

The Basic Assembler program uses a counter 
to record the address assigned to each sta- 
tement read into main storage. This coun- 
ter is referred to as the location counter. 

At assembly time, as soon as an instruc- 
tion statement has been read into main 
storage, and, if required, boundary align- 
ment has taken place, the location counter 
is incremented by the number of bytes occu- 
pied by that statement. The location coun- 
ter then indicates the next available 
storage location. 
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LOC.j 
CTR I 



OBJECT CODE 



015A 










Ols^. 


ODUO 








0156 










0156 


47F0 


0048 






OOOA 










015A 










016B 


0000 


0000 


0000 


0000 00 


0174 


0000 


0000 


0000 


00 


017B 


2400 


OC 






0176 


025C 








0180 


0000 


0000 


0000 


5C 


0188 


0152 








018A 


0001 








018C 


4020 


6320 


2020 


6B20 2020 6B 


0197 


2020 


214B 


2020 




019E 


A8A0 


0032 






0U2 


02/ 2 


0022 


0025 




01A8 


rao6 


0017 


OOIE 




OlAE 


FD81 


0015 


0028 




01B4 


FA66 


OOIE 


0015 




OIBA 


FA66 


OOIE 


002A 




OICO 


920C 


0024 






OICA 


4BA0 


0034 






01C8 


4720 


0052 






OICC 


0210 


0004 


0036 




0102 


OEIO 


0004 


OOIE 




0108 


0040 


0004 


0011 




OlDE 


4710 


OOAO 






01E2 


4740 


0082 






01E6 


9A40 


0090 






OlEA 


9A41 


OOAO 






OlEE 


9900 


0999 






01F2 


47F0 


0098 






01F6 


9900 


0111 






OlPA 


47F0 


0082 






0154 











SOURCE STATEMENTS 



I NO A 



RIO 

PRT 

WORK 

ACCU" 

CPTL 

RATE 

ROUN 

CNT 

OECR 

MASK 

CALC 

LOOP 



FINE 



HALT 
PERR 



LOAO BASE REG. 
ASSIGN BASE RE. 
CIRCLE THE CONST 



SfARt 340 

BASR 13.0 

USING *. 13 

EC 15. CALC 

ECU 10-^ 

OS CL17 

OC XL9^'b' 

DC XL7'0' 

OC X'24000C' 

DC X'025C' 

DC X'OOOOOOOOOOOOSC 

DC H'338« 

DC H'l* 

DC X'40206B2020206R?020206B' 

OC X«2020214B?020' 

LH RIO. CNT LOAO COUNT 

MyCJ ACCU+4(3) ,CPTL LOAD ACCU 

' MVC ; W0RK+#(7) ,ACCU LOAO WORK^x^ 

DP WORK.^ATE COMPUTE INTEREST 

AP ACCU, WORK! 74 INCREMENT CAPITAL 

AP ACCU, ROUN ROUND DEC n'AL 

MVI ACCU+6,X'0C' RESTORE LAST DIGIT 

SH RIO, OECR OECRFASfc COUNT 

BC 2, LOOP TEST FOR COMPLETIOM 

MVC PRT, MASK MASK TO PRINT AREA 

ED PRT, ACCU EDIT RESULT 

XIO PRT(X'40' ) , 17 PRINT RESULT 

BC 1,PERR TEST PRINTE.* NOT OK 

BC 4, FINE TEST PRINTER WORKNG 

TIOB *,X'40' TEST ENO OF I/O 

TIOB PERR,X'41' TEST PRINTER ERROR 

HPR X'999»,0 DISPLAY 999 

BC 15, HALT LOCK RESTART 

HPR X'111',0 DISPLAY 111 

BC 15, FINE REPEAT PRINT 

END INOA 



r 

STMTOl 
STMT02 
STMT03 
STMT04 
STMT05 
STMT06 
STMT07 
STMT08 
STMT09 
STMTIO 
STMT 11 
STMT12 
STMT13 
STMT14 
STMT15 
STMT16 
STMT17 
STMT18 
ST'1T19 
ST-1T20 
STMT21 
STMT22 
STHT23 
ST:-1T24 
ST-tT25 
STMT26 
STMT27 
STMT28 
STMT29 
STMT30 
STMT31 
STMT32 
STMT33 
STMT34 
STMT35 
STMT36 



"OBJ. 
I CRD 



001 
002 
002 
002 
002 
002 
003 
003 
003 
003 
003 
003 
003 
003 
003 
003 
003 
004 
004 
004 
004 
004 
004 
004 
004 
004 
004 
005 
005 
005 
005 
005 
005 
005 
005 
006 



I 
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Figure 6A . Assignment of Storage Addresses 
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1 Location 


Counter S 


etting 










J ^_ 






1 


Instruction 


1 


Length 


Statement | 


1 In Hex 1 


In 


Decimal 










1 1 










.-1- 






r 1 










T^ 






1 015U 1 




340 




START 




none 


01 1 


1 0154 1 




340 




BASR 




2 bytes 


02 1 


1 0156 1 




342 




USING 




none 


03 1 


1 0156 I 




342 




BC 




4 bytes 


04 1 


I 015A 1 




346 




EQU 




none 


05 1 


1 015A 1 




346 




DS 




17 bytes 


06 1 


1 016B 1 




361 




DC 




9 bytes 


07 1 


I 017U 1 

II 1 




37? 

1 




1 
1 




1 

1 




1 1 1 

1 V 1 




1 

V 




1 
V 




1 

V 




1 019E 1 




414 




LH 




4 bytes 


16 1 


1 01A2 1 




418 




MVC 




6 bytes 


17 1 


1 01A8 1 




424 




KVC 




6 bytes 


18 1 


I 01AE 1 




430 




DP 




6 bytes 


19 1 


) 01BU 1 




436 




1 
1 

V 
etc. 









Figure 6B. Assignment of Storage Addresses 
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If a printe 
during the 
program lis 
Figure 6A. 
merits trans 
the left of 
ments, the 
assigned to 
rent settin 
time the st 
storage. 

In the e 
tion counte 
is the addr 
storage loc 
ment, the B 
beginning a 
are require 
location co 
Then follow 
does not re 
fore, the a 
instruction 
ment. Afte 
which requi 
ter points 
procedure i 
program is 



r is attached to the Model 20 
assembly of a source program, a 
ting is produced, as shown in 

The listing includes all state- 
lated into machine language. To 

the machine-language state- 
listing contains the address 

each statement; i.e., the cur- 
g of the location counter at the 
atement is read into main 



xample in Figure 6B , the loca- 
r is initially set to 3U0, which 
ess of the next sequential 
ation. The next program state- 
ASR instruction, is stored 
t location 340. Since two bytes 
d for the BASR instruction, the 
unter is incremented to 342. 
s the U?ING statement, which 
quire any storage space. There- 
ddress "^42 is assigned to the BC 

that follows the USING state- 
r storing the BC statement, 
res 4 bytes, the location coun- 
to storage address 346. This 
s continued until the entire 
assembled. 



^"""^ 



Lo cat ion- Counter Overflo w 

The location-counter setting is limited to 
the storage capacity specified in the con- 
trol card. The control card is described 
in the SRL publications I BM,„ System/3 60 
Model 20 Car d Programmin g Support, Basic 
Assembler, Operating Proce d ure s , Forms C26- 
3802 and C24-9011 ^or the card or tape ver- 
sions, respectively. 

If, for example, the specification in 
the control card is 4096 bytes and the pro- 
gram to be assembled exceeds this capacity, 
the location counter is reset to at the 
point where the specified storage capacity 
is exceeded — even if the storage capacity 
that is actually available is greater than 
4K. The respective statement is identified 
by an error message (L) . 

The largest number the location counter 
can accommodate is 2^*-1 or, in hexadecimal 
notation, 3FFF . The leftmost digits of any 
value greater than 3FFF are truncated. 

Reference to t he Loc ation Counte r 

At any point in the source program, the 
programmer may refer to the current setting 



of the location counter by using an 
asterisk in the operand entry. The example 
in Figure 7 illustrates a print routine, 
which includes a method of stopping the 
processing flow until the execution of a 
previously initiated output operation has 
been completed. 

The instruction TIOB *,X'40« tests to 
determine if the attached 1403 printer is 
still busy with the execution of the last 
print command. The second operand (X'40') 
specifies the unit and the function. The 
first operand specifies the address to 
which the program is to branch if the 
printer is busy. 

During the assembly of this instruction, 
the Basic Assembler program replaces the 
asterisk by the actual branch address, 
which is the current setting of the loca- 
tion counter, 1078. During execution, the 
program repeatedly branches to the same 
instruction until the printer is no longer 
busy and sequential processing of the sub- 
sequent instructions can continue. 

Note: The same effect can be obtained by 
the insertion of a symbol in the operand 
entry that is also inserted in the name 
field: 

TEST TIOB TEST,X«40' 

The symbol TEST, as a branch address, 
also repeatedly refers the program to the 
same statement until the busy condition no 
longer exists. 



Location | Name | Operation | Operand 
Counter I | | 



1060 


|HALT|HPR 


1064 


1 FIN IXIO 


1070 


1 |BC 


1074 


1 |BC 


1078 


1 ITIO 


1082 


1 ITIO 



|X'99', 
I PRT (X* 40' ) 

I 1,HALT 
1 4, FIN 
|*,X '40 • 
I HALT,X' 41 • 
.J 



17 



Figure 7. Use of an Asterisk in the 

Operand Entry of a Statement 



Re setti ng the Location Counter 

The Basic Assembler instruction ORG can be 
used to reset the location counter to any 
desired value. This is described in the 
sect ion ORG -- Resetting the Lo cation 
Counter. 
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STORAGE .ADDRESSES 

A storage address is the address of the 
leftmost byte of the area referred to. The 
length of an addressed area is either 
explicitly stated in the operand entry, or 
is implied in the constant by which the 
addressed area has been defined. Registers 
are fixed length areas and are, therefore, 
exempt from this rule. 

The two ways of specifying storage 
addresses in a program written in Basic 
Assembler language are: 

1. effective addressing, allowing for sym- 
bolic (or implied) addressing and 
explicit addre«5sing; and 

2. absolute (or direct) addressing. 

An address is generated as a storage 
field of 16 bits. The four high-order bits 
(the B-field) indicate the base register. 
The twelve low-order bits (the D-field) 
indicate the displacement, which is the 
difference (in bytes) between the contents 
of the base register (or the address repre- 
sented by a symbol) and the referenced 
storage location. D1(B1) and D2(B2) desig- 
nate addresses that are part of the first 
and the second operand, respectively. 

Addition of the contents of the base 
register to the displacement gives the 
actual address of a location in main 
storage. (Refer to the section B ase 
Registers . ) 



EFFECTIVE ADDRESSING 

Effective addresses are identified by a 
1-bit in the leftmost position of the B- 
field, which signals that at least one of 
the general registers 8 through 15 must be 
used as a base register. At assembly time, 
the address of a location in main storage 
is split into two Darts, 

a) a fixed value contained in the base 
register, and 

b) a displacement, which is the difference 
between the actual storage address and 
the contents of the base register. 

At object time, the contents of the gen- 
eral register specified by the B-field of 
an address are added to the contents of the 
D-field to form the actual address in main 
storage. 



SYMBOLIC (IMPLIED) ADDRESSING 

Symbolic (or implied) addressing is used 
when a symbol is given in the operand entry 
of a statement, rather than the explicit 
specification of a base register and a dis- 
placement. The equivalent value of the 
symbol is assigned by the location counter. 
The symbol must be defined elsewhere in the 
program. (Refer to the section Symbols. ) 



When the Basic Assembler program encoun- 
ters a symbol during assembly, it scans the 
symbol table, finds the associated address, 
and assembles this address into the 
instruction. If the operand consists of a 
compound expression, such as ALFA-BETA+ 
GAMA, the address equivalents of all sym- 
bols are looked up, the arithmetic opera- 
tions are executed, and the result is 
assembled into the instruction. 

The computed address integer is not 
stored as it is, but is first split into a 
base register and a displacement. This is 
explained in the following example. 

If the address equivalent of the above- 
mentioned compound expression (ALFA-BETA+ 
GAMA) were 6319, the Basic Assembler would 
split this address by selecting a base 
register containing the closest value to 
6319. For example, if the three base 
registers 9, 10, and 11 were used and con- 
tained the values 4000, 5000, and 7000, 
respectively, the Basic Assembler would 
select register 10, because this register 
would cause the smallest displacement, 
which is the difference between the actual 
storage address and the contents of the 
base register selected by the Basic Assem- 
bler for address generation. Thus, the 
displacement resulting from the splitting 
of 6319 is 1319. The address 6319, 
assembled into the instruction, therefore, 
has the following format: 1319 (10); or 
A527 in hexadecimal notation, as it is 
printed on the program listing produced 
during the assembly. "A" represents the 
base register and "527" represents the dis- 
placement, 1319. 

A displacement calculated by the Basic 
Assembler cannot be greater than 4095. For 
the calculation of addresses higher than 
4095, additional base registers must be 
used. 



I 



O 



The rules followed by 
bier in the selection of 
register are as follows: 



the Basic Assem- 
a suitable base 



o 
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1. If more than one register would produce 
a valid displacement (not exceeding 
4095) , the Basic Assembler uses the 
register that produces the smallest 
displacement. 

2. If two or more registers produce the 
same displacement, the Basic Assembler 
uses the highest-numbered register. 

3. If none of the specified registers pro- 
duces a valid displacement, the address 
field in the instruction that contains 
the invalid operand is set to zero. An 
appropriate error message appears in 
the program listing. 

The advantages of symbolic addressing 
are the simplicity of the method itself and 
the resulting relocatability of the 
program. 



EXPLICIT ADDRESSING 

Explicit addressing requires the specifica- 
tion of a base register and a displacement 
in the operand entry of a statement. 

Ex ampl e; MVI 800(8) ,X'A' 

The above statement causes the immediate 
data (X« A' ) to be stored in the location 
identified by D1=8no and Bl=8. 



Indexing . 

Explicit addressing provides a special 
technique of address modification, called 
indexing. Using the indexing method, the 
programmer can conveniently deal with a 
storage area step by step. 

Assume that a table of 100 integers, 
each of which is 5 bytes long, is contained 
in main storage. "^hese integers are to be 
transferred one-by-one to the output area 
OUTA. 



TLIM 


DS 


H 


TLEN 


DC 


H«U95« 


INCH 


DC 


H«5' 


TADR 


DC 


Y (TAB) 


TAB 


DS 


100CL5 


OUTA 


DS 


100CL5 



END 



BGN 



In the above routine, register 9 is used 
as a base register. The maximum table 
address (TAB+U95) is computed in register. 
10 and then stored at location TLIM. 
Register 8 is loaded with the address of 
the first table entry (see the section. 
Address Constants) . The expression 0(8) 
thus designates the first table entry 
(TAB) , which is moved to OUTA. 

The data stored in OUTA is printed. 
(For simplicity, the necessary edit and 
test routines are omitted.) The subsequent 
instruction is used to increase by five the 
contents of register 8, causing the address 
0(8) to point to the position of the second 
table entry (TAB+5) . The contents of 
register 8 are then compared with the maxi- 
mum table address at location TLIM. If the 
value in register 8 is lower than, or equal 
to, the compared value in TLIM, the program 
branches to LOOP to fetch another table 
argument. Otherwise the program halts. 

Normally, if base registers are used for 
address generation, a symbol in the operand 
entry of a statement should not be accom- 
panied by an explicit base register desig- 
nation. It is possible, however, to speci- 
fy a symbolic address accompanied by an 
explicit base register designation, instead 
of using the expression 0(8) in the pre- 
vious example. If TAB (8) is given as the 
second operand of the MVC instruction, the 
address is computed by adding the (normal) 
displacement value of TAB to the contents 
of register 8. The statement is flagged 
with a warning message. 

In the previous example the instructions 



BGN 



START 350 
BASR 9,0 
USING *,9 



LH 
LOOP MVC 



8, TADR 

OUTA (5) ,0(8) 



may be replaced by 



LOOP 






LH 


10, TADR 


AH 


10, TLEN 


STH 


10, TLIM 


LH 


8, TADR 


MVC 


OUTA (5) ,0 (8) 


XIO 


OUTA (X'UO') ,5 


AH 


8,INCR 


CH 


8, TLIM 


BC 


12, LOOP 


HPR 


X'99',0 



LOOP 



SR 
AR 
MVC 



8,9 

0UTA(5) ,TAB(8) 



Note: In the statements following this MVC 
statement, the program again uses the base 
register that was originally designated. 

This program can be simplified further 
if absolute addressing is used. In the 
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following example pseudo register is used 
as a base register. 



BGN 



LOOP 



START 
USING 



350 
*,0 



SR 


8,8 


MVC 


0UTA(5) ,TAB(8) 


XIO 


OUTA (X»40') ,5 


AH 


8, INCH 


CH 


8,TLIK 


BC 


12, LOOP 


HPR 


X'99',0 



TLIM 


DC 


H'495» 


INCR 


DC 


H'5' 


TAB 


DS 


100CL5 


OUTA 


DS 


100CL5 




END 


BGN 



Register 8 is initially set to zero. 
Thus, TAB (8) refers to the first table 
entry. When the last MVC instruction has 
been executed, register 8 contains the 
value 500 and the program halts. 



ABSOLUTE (DIRECT) ADDRESSING 

Absolute addresses are identified by a zero 
in the leftmost bit position of the 
B-field, In absolute addressing, the 14 
low-order bits of +-he combined B and 
D-field represent the complete address 
value and refer directly to byte locations 
in main storage. Absolute addresses are 
specified by decimal integers or absolute 
symbols in the operand entry of a 
statement. 

Ex amp le : 



I Name|Operation|Opprand 
h 1 h 



ISTH 



I 13,2UU0 



The above statement causes the contents 
of register 13 to be stored in position 
2440 of main storage. 



Absolute addresses are also split into 
base register and displacement by the Basic 
Assembler program, as described in the sec- 
tion Effec tive A ddressing. This addressing 
method, however, requires the specification 
of pseudo-registers to be used as base 
registers. A program that contains abso- 
lute addresses is not relocatable. 



GENERAL AND PSEUDO-REGISTERS 



G eneral Register s 

The Model 20 uses eight auxiliary storage 
units which are referred to as general 
registers. Each of these general registers 
has a length pf one half word (two bytes) . 
The general registers are numbered from 8 
to 15 and are used for tem porary storage.^ of 
information during execution of indexing, 
fixed-point arithmetic, address generation, 
and logical operations. 

Information that requires the use of 
registers can be transferred 

(1) from register to register, 

(2) from register to main storage, or 

(3) from main storage to register. 

The direction of the information flow is 
implied in the machine-instruction format. 
(Refer to the section Machin e Instructio n 
Statements . ) 

When general registers are used for 
addressing, they are referred to as base 
register s. Base registers are assigned by 
a USING statement, as explained in the sec- 
tion Base Registers . 

An advantage of using general registers 
for fixed-point arithmetic is that data 
need not be packed prior to computation. 
All calculations are executed in binary 
form. 

Examples of the use of general 
registers : 

AR 9,10 The contents of register 10 are 
added to the contents of regis- 
ter 9, The result is contained 
in register 9. 

LH 12, AREA The first 2 bytes of the field 
AREA are loaded into register 
12. (Note that in this case 
the field /AREA must be aligned 
at a halfword boundary.) 

STH 13, OUTA The contents of register 13 are 
stored in the field OUTA. 
(Note that in this case the 
field OUTA must be aligned at a 
halfword boundary.) 

Restriction 

When using the IOCS, the following restric- 
tions on general registers apply. 

• Register 15 must not be used by the pro- 
grammer at any time. 



o 



I 



o 



o 
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Register 14 is available only for 
restricted use, since its contents are 
changed each time a macro instruction is 
executed. 

Registers 11-15 are used by the 1419 
IOCS. 



Example : 



I 1 1 

1 Name | Operation | Operand 



I USING 



*,11 



Pse u do - Registers 

In addition to the eight general registers 
there are four pseudo-registers numbered 
to 3. (If a Submodel 5 is used, pseudo 
registers 0-7 are available. However, 0-3 
are the only pseudo registers recognized in 
CPS programs.) The pseudo-registers are 
assumed to have the following permanent 
contents: 



Register 


1 
2 
3 



Assume d Con t ents 



U096 

8192 

12288 



The above statement designates register 
11 as a base register and informs the Basic 
Assembler program that it may expect regis- 
ter 11 to contain the current value of the 
location counter. 

N ote : A name entry is not used. If a sym- 
bol appears in the name field of the USING 
statement, it is disregarded by the Basic 
Assembler program — if it conforms to sym- 
bol specifications. Otherwise, it is iden- 
tified by a diagnostic message in the pro- 
gram listing. 

All registers that are assigned by means 
of USING statements must be loaded. This 
can be achieved by means of BASE 
instructions. 



^^ygi^^ 



The pseudo-registers may be used only 
for storage addressing, i.e., as base 
registers. The advantage, in comparison to 
the use of general registers, is that 
pseudo-registers need not be loaded with a 
base address. Thus, program execution is 
faster and the general registers are avail- 
able for other purposes. However, pseudo- 
registers can be used only for the specifi- 
cation of absolute addresses. Additional 
information is given in the section Abso^: 
lute Addre ssin g . 



BASE REGISTERS 

Base registers are general registers that 
are used for addressing main storage loca- 
tions. The contents of a base register are 
subtracted from each storage address during 
program assembly; the remainder is referred 
to as the displacement. The base- register 
number, together with the displacement, is 
assembled into the instruction. 



BASR — BRANCH AND STORE REGISTER 

The BASR (Branch and Store Register) 
instruction causes bits 16 to 31 of the 
Program Status Word (PSW) to be stored in 
the register defined in the first operand. 
Since bits 16 to 31 of the PSW contain the, 
address o f ,^ ^hp neY,ti.r..«a£Uien ti f^ , l „instruc tion ,, 
^■^..^■j^Lj-.^,gi.^^-^''^ -r^ lo..^^ ^ ^ ^ ^ ^^^^^.^ i. ^ i |^ t^^_j ] j^ ,^^^^^jgecif .1 

reaT^^TTTirenthepro^ 

• UWIHWM will uuHiw ' •'" ii nMiiinn |i m niiiiii rn i i i Yni iiii.iiini| i m m w i i i miiii i iii i i ii i i iin i n iiii | i in i ii ii m i.iimiiii|ii i iii« ' W 

address contained-JLJi--Qie r e cy.ster^peciriea 
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^n the second operand . The branch address 

15 aeter mined prxor to the storing of bits 

16 to 31 of the PSW. 

For example, the statement BASR 12,12 
causes register 12 to be loaded with the 
current value of the location counter. 
This is followed by a branch to the address 
previo usly contained in register 12. 

Thus, in the above USING-statement 
example, register 11 can be loaded as 
follows: 



o 



At least one general register must be 
assigned as a base register at the begin- 
ning of a relocatable program. In addi- 
tion, this register must be loaoed with the 
desired base address, which is normally the 
start address of the program. 



USING — USE BASE REGISTER 

The USING statement is used to assign base 
registers. It also informs the Basic 
Assembler program of the anticipated con- 
tents of the respective base registers. 



1 1 1 1 

I Name|Operation| Operand | 

1 IBASR I 11 ,0 I 

I I ^i I 

Register 11 now contains the address of 
the next storage location; that is, the 
current value of the location counter at 
assembly time. The second operand, which 
normally specifies the register that con- 
tains the branch address, prevents branch- 
ing because it refers to register 0. 
Accordingly, the first instructions of a 
program may be the following: 
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START 
BASR 

USING 


356 

11,0 

♦/11 
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The largest displacement that can be 
calculated by the Pasic Assembler is 4095. 
Therefore, an additional base register 
mustbe assigned for each additional U096 
bytes of main storage required. 

Additional base registers may be speci- 
fied also for other programming purposes, 
such as creating d*»fined areas (dummy sec- 
tions) in main storage where certain pro- 
gram subroutines can be executed or where 
intermediate data is stored. However, if 
several base registers are specified by 
subsequent USING statements, an adequate 
method of loading these base registers must 
be found. 

Figure 8 illustrates one such method. 



1 ' 






T' - - 


1 Location- 






1 


1 Counter 


Name 


Operat 


ion 1 Operand 


1 Reference 
1 






1 
1 


1 






1 


1 1000 




START 


1 1000 


1 1000 




BASR 


111,0 


1 1002 




USING 


l*,11 


1 1002 




EC 


1 15, PRGM 


1 1006 




USING 


1 *+4098-6,12 


1 1006 


ALFA 


DC 


1 Y (* + 4098-6) 


1 1008 




USING 


1 *+6192-8,13 


1 1008 


BETA 


DC 


1 Y (* + 6192-8) 


1 1010 




USING 


|*+ti500-10, 14 


1 1010 


GAMA 


DC 


1 Y(*+4500-10) 




PRGM 


LH 


1 12, ALFA 


1 1016 




LH 


1 13, BETA 


1 1020 




LH 


1 14, GAMA 



0(12) = + 5098 = 5098 

Base register 11 is loaded when the BASR 
instruction is executed. Note that 1002 is 
the address of the first machine instruc- 
tion after the BASR statement. 

To load registers 12 to 14, the desired 
addresses are supplied to the Basic Assem- 
bler by means of address constants, which 
are then loaded into the respective regis- 
ter by subsequent LH instructions. Since 
the location counter is being referred to, 
the addresses specified by address con- 
stants are incremented first by the start 
address of the program (1000) , and then by 
the length of each instruction. Therefore, 
the accumulated instruction lengths must be 
subtracted when the address constants are 
set up. The expressions contained within 
the parentheses of the address constants 
can also be used in the first operand of 
the respective USING statement. 

Accordingly, the address constants have the, 
following values: 

ALFA = 1006 + 4098 - 6 = 5098 
BETA = 1008 + 6192 - 8 = 7192 
GAMA = 1010 + 4500 - 10= 5500 

The contents of a base register can be 
altered whenever required; but the Basic 
Assembler program must be informed of the 
change by means of a USING statement. 

Example : 



^i^„„(^ 



I 



O 



I Name | Operation | Operand 



USING 



I ALFA, 9 



Figure 8. Example of Loading Base 
Registers 



V 
USING 



I ALFA+1000,9 



E xplan ation: The following base registers 
are assigned by USING statements: 11,12, 
13, and 14. In this example, the base 
registers are loaded with the following 
base addresses. 

Register 11 — 1002 

Register 12 — 5098 

Register 13 — 7192 

Register 14 — 5500 

Base register 12 is assigned and loaded 
to deal with addresses higher than the 
maximum address the Basic Assembler can 
generate by using base register 11, which 
is 

4095(11) = 409*^ + 1002 = 5097. 

The next higher adflress is generated as 



To use abso lute addressing, a pseudo- 
register must be specified in the second 
operand of the USING statement. In addi- 
tion, the first operand must be an 
asterisk; otherwise, the USING statement 
will be identified by a diagnostic message 
in the program listing. 

The pseudo-registers need not be loaded. 
They are assumed to contain at any time the 
values described in the section 
Pseu do- Registe rs. 



The statements: 



START 
USING *,0 
USING *+4096,1 
USING *+8192,2 
USING *+12288,3 
ORG *+316 



o 
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inform the Basic Assembler program that statement. 

pseudo-registers through 3, the contents 

of which are 0, 4096, 8192 and 12288 are to 

be used as base registers. Example : 

For example, in this case storage 
address 3091 is split into displacement 
C13 (hexadecimal equivalent for 309 1) and 
base register 0, and assembled as DC 13. In 
like manner, storage address 6000 is 
assembled as 1770, address 10000 as 2710, 
and address 16000 as 3EB0. 



A program cannot be relocated if pseudo- 
registers are used as base registers. This 
disadvantage, however, may be outweighed by 
having all the general registers available 
for other purposes. 



DROP — RELEASE BASE REGISTER 

If a general register has been assigned the 
functions of a base register, it cannot be 
used for other programming purposes unless 
the programmer cancels the assignment. 
This can be done by means of a DROP 



1 1 

Namel Operation I Operand 



lUSING 
t I 
I I 
I I 
i i 
I V 
I DROP 



I ADDR,11 



I 11 



After the DROP statement in the above 
example, register 11 can be used as an 
index register, an accumulator for arith- 
metic operations, etc. A name entry is not 
used in the DROP statement. If a name is 
specified, it is disregarded by the Basic 
Assembler program — if it conforms to sym- 
bol specifications. Otherwise, the state- 
ment is identified by a diagnostic message 
in the program listing. 






^^^^^ 
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ABSOLUTE AND RELOCATABLE PROGRAMMING 



o 



A program is relocatable if it fulfills the 
following conditions: 



1. It must contain all of the loader 
information produced by the Basic 
Assembler program (i.e., the punching 
of ESD and RLD cards must not be sup- 
pressed during the assembly of such 
programs) . 

2. At least one of the general registers 8 
to 15 must be used for address 
generation. 

3. It must not contain absolute expres- 
sions to refer to areas that are to be 
relocated. 

A program is absolute if at least one of 
pseudo- registers to 3 is specified and 
used for address generation throughout the 
program. 



Absolute pro gramming has the advantage 
of saving general registers for programming 
purposes other than address generation. In 
addition, the Basic Assembler program is 
not required to split the specified abso- 
lute addresses if pseudo-register is spe- 
cified in an appropriate DSING statement. 
Absolute programming does not restrict the 
application of symbolic addressing. 



Absolute programming must not be used 
under the following conditions: 

1. If (1) the IOCS is used, and (2) the 
source program and the symbolic IOCS 
routines are to be assembled 
separately. 

2. If subsequent parts of a program are 
loaded and executed together. In this 
case, only the program loaded first may 
be absolute. 



o 



o 
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PROGRAM LINKING 



Extensive programs that exceed the avail- 
able main storage capacity must be subdi- 
vided into sections that are assembled 
separately. 

Since the Basic Assembler program is no 
longer required during object program 
execution, storage availability is 
increased, which may allow the loading and 
simultaneous execution of more than one 
object program. 

Two jointly executed program sections 
may contain the same symbols, provided 
these symbols are -defined in only one of 
the two programs. In addition, these two 
program sections must be linked together by 
means of EXTRN and ENTRY statements. These 
statements are described below. 



3. The external symbol must be referred to 
in the program by means of the above 
general register. 

The maximum number of EXTRN statements 
to be used within one program sequence is 
m. Symbols contained in statements in 
excess of this number are indicated as 
undefined in the program listing. 

An EXTRN statement must immediately fol- 
low a START statement, an ENTRY statement, 
or another EXTRN statement. If an EXTRN 
statement is incorrectly placed, it is 
identified by a warning message. If it 
contains an incorrect operand, it is iden- 
tified by an error message. In either 
case, the statement is not used. 



o 



The EXT RN Stateme nt 

For the joint execution of two programs (A 
and B) , EXTRN statements must be used in 
program B to introduce symbols that are 
used in program B but defined in program A. 

Exa mpl e : 



I 1 1 

|Name|Operation|Operand 
J. 1 1__ 

I lEXTRN |F1 

I J L 



o 



The EXTRN statement in the above example 
introduces F1 as a symbol that is defined 
in another program section. 

A name entry is not used in the EXTRN 
statement. If a symbol is entered in the 
name field, it is (disregarded by the Basic 
Assembler program -- provided it conforms 
to symbol specifications. Otherwise, it is 
identified by a diagnostic message in the 
program listing. 

Only one operand -- a relocatable symbol 
— may be specifief^ in an EXTRN statement. 
Each additional external symbol must be 
introduced by an additional EXTRN 
statement. 

If an external symbol is to be used, the 
following action is required: 

1. An address constant must be created for 
the external symbol. 

2. The address constant must be loaded 
into a general register. 



The ENTRY Statement 

An EXTRN statement in program B requires an 
ENTRY statement with the same operand in 
program A, where the appropriate symbol is 
defined. 

Exam£l e : 



Name | Operation) Operand 
1 

PRGAI START |2000 

lENTRY I F1 

II I 






I I 

I V 
F1 |DC 

I END 
I ._ 



I XL2' FOFO' 
I PRGA 



The above ENTRY statement permits pro- 
gram B, which has been loaded and stored 
behind program A , to use the contents of 
the field F1. 

The Basic Assembler ENTRY statement fol- 
lows the same syntax rules as the EXTRN 
statement. The START statement of a pro- 
gram can also be used instead of an ENTRY 
statement; that is, program names need not 
be introduced as linkage symbols by ENTRY 
statements. 

The order in which independently 
assembled programs are loaded determines 
the extent of their linkability by means of 
the relocatable program loader. Programs 
containing the entry points must be loaded 
ahead of the programs containing the corre- 
sponding external links. 
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MAI> 


._PR OG R A W 






SUBROUTINE 


1 


Name | Operation 
1 


1 Operand 

1 , , 


1 Name 


i 

Operation | Operand 
1 




1 
1 




CRDT 

■ 

GET 


START 

ENTRY 

EXTRN 

BASR 

USING 

LH 

XIO 

1 

1 

1 

V 
MVC 
BASR 
SR 

1 

1 




\ F1 

1 CVB 

1 8,0 

1 ♦^B 

1 12,YCVB 

1 INPT (X* 12') ,80 

1 

1 

1 F1,INPT+10 

19,12 <- ■ ' 

1 11 10'' 


1 |~>CVB 

1 


START 

EXTRN 

BASR 

USING 

MVC 

LH 

MVN 

1 

1 

1 

V 
AH 

1 RPR 


1000 
F1 
1 1 ,0 

WAN, KOO 
10,YF1 
WAN+1 (1) 

13, WAN 
15,9 
H 
H« 0' 


/0{10) 






1 1 

' 1 WA M 


DS 
DC 








1 KOO 






F1- 
YCVB 


1 

V 
BC 
DC 
DC 

. END 




1 15,GET 
1 COO' 
1 Y(CVB) 
1 CRDT 


1 YF1 


DC 
END 


Y{F1) 

CVB 







o 



I 



Figure 9. Sample of Program Linkage 



However, a^ program may refer to the names 
of programs loaded subsequently, by means 
of the Include Segment (ICS) card of the 
Relocatable-Program Loader. This is 
described in the S^L publication IBM 
System/360 Model 20 Card Programming Sup- 
po rt, _ Basic Util ity Programs^ Functions and 
0£er at i nc[_P r oc edu res , Form C25-360U. 



SAMPLE PROGRAM 

A sample program that illustrates program 
linking is shown in Figure 9. 
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•Program linkage is achieved as follows. 
Through the ICS card, the loader reserves a 
storage area for the subsequent program 
while loading the main program. The 
address of the reserved area is loaded into 
register 12 during execution of the main 



program to allow branching to CVB, which 
the EXTRN statement declares to be an 
externally defined symbol. 



o 



An ENTRY statement in the 
not required for CVB because 
tement, in this case, serves 
pose. During execution of t 
gram, the data that is read 
instruction) is stored in th 
For conversion into binary f 
cable data section is moved 
the program branches into th 
(BASR instruction) . 



subroutine is 
the START sta- 
the same pur- 
he main pro- 
frora cards (XIO 
e field INPT. 
orm , the appli- 
into FI . Then 
e subroutine 



The contents of FI are a 

subroutine because FI is de 
external symbol by the EXTR 
an entry is provided by an 
tement. in the main program, 
the address of FI is loaded 
10 during execution of the 
Explicit addressing with ba 
and a displacement of (MV 
enables the subroutine to m 
required data. 



vailable to the 
Glared to be an 
N statement, and 
appropriate sta- 
in addition, 
into register 
subroutine. 
se register 10 
N instruction) 
ake use of the 



The contents of FI are processed until 
the final step (AH instruction) results in 
a binary value contained in register 13. 
Then, a branch back to the main program is 
performed (BCR 15,9) and the binary value 
in register 13 is at the disposal of the 
main program. 
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DEFINITION INSTRUCTIONS 






EQU — EQUATE SYMBOL 

The Basic Assembler instruction EQU is used 
to equate a symbol to the attributes of an 
expression. 

The EQU statement consists of (1) the 
name entry , (2) the operation code EQU, and 
(3) an expression as an operand. All sym- 
bols appearing in the operand of the EQU 
statement must have been previously 
defined. 

Example : 

I 1 1 1 

I Name I Operation I Operand I 

i ■+ 1 1 

I REGS I EQU I 5 | 

1 I I I 

The symbol REGS is equated to the abso- 
lute value 5 and thus becomes absolute. To 
the Basic Assembler program, it is of no 
further significance whether REGS or the 
value S is specified in the operand of a 
statement elsewhere in the program. 

To reduce programming time, symbols can 
be equated to frequently used compound ex- 
pressions, as shown in the following 
example: 

I 1 ' 1 ' 1 

I Name I Operation I Operand | 

I ^. 1 , 

I CALCIEQU 

I t 



lA-B+G 



DC — DEFINE CONSTBNT 

Constants are data supplied to the program 
by the Basic Assembler statement DC (define 
constant) . 



The object program refers to these con- 
stants by their symbolic addresses, i.e., 
each DC statement is normally identified by 
a symbol that points towards the storage 
location of the constant. A DC statement 
may have only one operand which has the 
following components: 



Type 



Length 
Modifier 



Constant 



The type is written as a single letter, 
C, X, H, or Y. The length modifier is 
written as a decimal integer, preceded by 
the letter L. It must not be specified for 
H and Y-type constants. 

The four types of constants are shown in 
F ig u re 10. 

The length of a constant must not exceed 
16 bytes including the bytes skipped for 
boundary alignment. Constants exceeding 
these lengths must be defined by subsequent 
DC statements. For example, the character 
constant C'THIS PARAMETER COMBINATION IS 
INVALID' should be defined as 

PRT1 DC C'THIS PARAMETER C 
DC COMBINATION IS IN' 
DC C'VALID' 

The symbol PRT1 in the statement below 
still refers to the complete sentence; 
i.e., it causes the complete sentence to be 
transferred to position FLDA. 

MVC FLDA (37) ,PRT1 

Cha r acter Co nstants 

Character constants may consist of any of 
the 256 EBCDIC characters. Each character 






I Type of 
I Constant 
I 



I Character 

I 

I Hexadecimal 

I 

I 

IHalfword 

I 

I 

I Address 



Code 



!*!achine Format of the Constant 



8-bit code for each character 

U-bit code for each hexadecimal 
digit 

16-bit binary equivalent of the 
specified value (signed) 

16-bit binary equivalent of 
symbolic or absolute storage 
address 



Alignment at 



byte bounda ry 
byte boundary 

halfword boundary 

half word boundary 



Figure 10. Types of Con.stants 
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in these constants occupies one byte of 
main storage. 



DC statements that define character con- 
stants may comprise all of the three 
operand components: type, length modifier, 
and the constant. 



Ex a m£l e : 



I 1 1 

I Name | Operation | Operand 

I — + h 

I C0N1 I DC 



ICLU' ABCD' 



H exade cimal Constants 

Hexadecimal constants are used to introduce 
data characters each of which occupies half 
a byte of main storage. DC statements that 
define hexadecimal constants may comprise 
all of the three operand components: type, 
length modifier, and the constant. 

Example : 



r —I 1 

I Name) Operation |Operand 
|_ 1_ +- 

IHASKI DC 

I 1 



IXL3VA3U5BF' 



O 



i 



In the above example, the name entry. and 
length modifier are optional and may be 
omitted. ' This statement causes the con- 
stant ABCD to be generated in main storage. 

The length modifier (L4) coincides with 
the number of characters in the constant. 
Therefore, it has no effect because the 
Basic Assembler program assumes the length 
of the constant to be implied if the length 
modifier is omitted. However, if the 
length modifier disagrees with the number 
of characters in the constant, the constant 
is modified as follows. 



In the above 
length modifier 
omitted. This s 
stant A3U5BF to 
storage. Each p 
into one byte. 
L3, coincides wi 
stant and has no 
length is half t 
digits specified 
omitted. Howeve 
is not egual to 
cimal digits^ th 
follows: 



example, the name entry and 
are optional and may be 
tatement causes the con- 
be generated in main 
air of digits is translated 
Thus, the length modifier, 
th the length of the con- 
effect because the implied 
he number of hexadecimal 

if the length modifier is 
r, if the length modifier 
half the number of hexade- 
e constant is modified as 



1. If the length modifier is smaller than 
the number of characters in the con- 
stant, rightmost digits of the constant 
are dropped to achieve agreement with 
the modifier. 



1. If the length modifier is smaller than 
the number of pairs of hexadecimal 
digits the leftmost digits of the con- 
stant are dropped to achieve agreement 
with the modifier. 



o 



2. If the length modifier is greater than 
the number of characters in the con- 
stant, the excess rightmost bytes are 
filled with blanks until the length of 
the constant agrees with the length 
modifier. 



If the length modifier is greater than 
the number of pairs of hexadecimal 
digits, the excess leftmost bytes are 
filled with zeros until the length of 
the constant agrees with the length 
modifier. 



The constant must be enclosed by apos- 
trophes. The length of the constant must 
not exceed 16 bytes. Apostrophes and 
ampersands that are to appear within con- 
stants must be written twice but are coun- 
ted only once. 



Example : 
Statement: 
Generated as: 



C0N2' DC 
•TOTAL 10' 



Statement : C0N2 
Generated as: Y 



DC 



C • 'TOTAL 10' ' ' 
(implied length 
10 bytes) 

CLI'YY' 
{explicit 
length one 
byte) 



In the last example, the specification 
of the length modifier (LI) causes the last 
character Y to be truncated. This state- 
ment will be identified by a warning mes- 
sage in the program listing. 



The constant may consist of any number 
of valid hexadecimal characters, to 9 and 
A to F, but must not exceed 32 digits. If 
an odd number of digits is specified, a 
hexadecimal zero is added to the leftmost 
position. 



Examples : 

Statement: TRIX 

generated as: 03 AF 

Statement: INCH 

generated as: 0000BA05 

Statement: TSNC 

generated as: E696 



DC X'3AF' 



DC xm' BA05' 



DC XL2'AFE6 96' 



In the last example, the specification 
of the length modifier (L2) causes trunca- 
tion of the digits AF, The truncation 
causes the statement to be identified by a 
warning message in the program listing. 



ij 
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A hexadecimal constant can be used to 
set the binary bits of a halfword. The 
constant in the following example sets the 
eight leftmost bits of a halfword to 1 's. 
Since a hexadecimal constant is not boun- 
dary aligned, the preceding DS statement is 
applied to force this condition. (For a 
discussion of DS statements refer to the 
se c ti o n DS — D efin e Storage . ) 

I 1 1 1 

I Name I Operation I Operand I 

1 1 



1 IDS 

ITEST |DC 



I OH 
IX'FFOO' 



H alfword C onstants 

A halfword constant is a signed integer, 
aligned at a halfword boundary. The 
operand must not contain a length code. 

Exa mple : 



I Namel Operation |Ope rand 

f H 1 

IWORKIDC |H'-24' 



The name entry is optional and can be 
omitted. The abovp statement causes the 
generation of one halfword in main storage, 
containing the value -24. 

The highest allowable value for a half- 
word constant is 32767, the lowes-^t, -3-2768. 
If a specified number exceeds either value, 
the constant is set to zero and the state- 
ment is identified by a warning message in 
the program listing. Unsigned numbers are 
considered to be positive. 

Address Constants 

An address constant is a relocatable or 
absolute expression, enclosed in paren- 
theses with the prefix Y. It is used for 
indexing (i.e., generating and incrementing 
address values to scan main storage) and 
for program linkim. The operand must not 
contain a length modifier. 

Example: 



I Name|Operation|Opprdnd 

J-— H \ 

|ADTA|DC |Y(TABL) 
I 1 I 



In the above example, the address of 
TABL is stored at position ADTA. If ADTA 
is now loaded into a register, an AH 
instruction can be used to update or incre- 
ment this address by any desired value. 



This is demonstrated in Figure 14 and in 
the section Indexing. 



The routine PRGH in Figure 14 calculates 
certain values, which are then stored in 
the 480-byte table defined by TABL. The 
program loads the first value to be stored 
into register 10 (statement 034A) and 
branches to LOOP (statement 0330). 



The statement named LOOP stores the 
value of register 1 in the location desig- 
nated by register 8, which is the table 
address ADTA loaded into register 8 by the 
statement named RTN. Thus, the first cal- 
culation result is stored in the first 
table position. 

The AH statement then increments the 
contents of register 8 (i.e., the table 
address) by four, the implied length of 
each position. The contents of register 8 
now point to the second table position. 

Successive repetitions of the procedure 
continue until the table is filled or the 
program is terminated by the TM 
instruction. 

The use of the address constant to link 
two or more simultaneously executed program 
parts is discussed in the section Program 
Link ing . 

An absolute expression is specified in 
the operand of an address constant if a 
branch to an absolute address is performed 
during the course of a program. But the 
program must be relocatable. Obviously, 
the absolute address should be updated upon 
program relocation to avoid branching to 
the wrong statement. This updating is 
guaranteed by the address constant. One 
method of accomplishing this updating is 
demonstrated by the following example. 

BC 15,0 

ORG +-2 

DC Y(3215) 

In the normal branch instruction BC 15, 
3215, the address 3215 would not be altered 
upon program relocation. Therefore, the 
second operand is set to zero as the branch 
instruction is assembled. 

On its own, this imperative branch 
instruction would be invalid because it 
instructs the Computer to branch and, at 
the same time, prevents the branch by set- 
ting the branch address to zero. However, 
the Basic Assembler program does not con- 
sider this statement incorrect since all 
syntax reguirements are satisfied. The 
second operand of the BC instruction can be 
omitted, provided the comma is written. 
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Figure 11. Uneconomical Storing of a Sequence of Constants 



The ORG statement reduces the value of 
the location counter by two bytes so that 
it points to the location of the second 
operand of the BC instruction, which is 
updated if the program is relocated. 

Sequence of Definition of Co nstan ts 

Halfword and address constants are automat- 
ically aliqned at halfword boundaries by 
advancing the location counter to the prop- 
er value (multiple of 2) when either type 
of constant is encountered in the source 
program. 

For economical use of main storage, the 
sequence in which constants are defined is 
important. The following example shows the 
definition of a sequence of constants. It 
is assumed that the first storage position 
of these constants is not boundary aligned. 
C and X-type constants have an implied 
length of one byte. 



(character type) 
(hexadecimal type) 
(halfword type) 
(hexadecimal type) 
(address type) 
(character type) 
(address type) 



They are stored as shown in Figure 11. 

As shown in Figure 11 three bytes are- 
not used. A more economical specification 
sequence is 

DC C (character type) 

DC H (halfword type) 

DC Y (address type) 

DC Y (address type) 

DC X (hexadecimal type) 



DC 


C 


DC 


X 


DC 


H 


DC 


X 


DC 


Y 


DC 


C 


DC 


Y 



DC X (hexadecimal type) 
DC C (character type) 

resulting in the storage allocation shown 
in Figure 12. 



DS — DEFINE STORAGE 

The DS (Define Storage) statement is used 
to reserve storage for work areas, I/O 
areas, tables, etc. These storage areas 
are not set to zeros or blanks. The loca- 
tion counter is incremented during assembly 
by the number of bytes implied in the 
operand .of the DS statement, leaving the 
respective storage positions unused when 
the object program is loaded. The program 
later refers to this area by the symbolic 
address of the DS statement. The DS state- 
ment can also be used to effect boundary 
alignment of the subsequent program sec- 
tions. The DS statement has only one 
operand. It has the follow iiig format: 



Duplication 
Factor 



Type 



Length 
Modifier 



The duplication factor is written as a 
decimal integer; the type is written as a 
single letter, C or H. The length modifier 
is written as a decimal integer, preceded 
by the letter L. It may only be specified 
for C-type . const ants . The maximum value is 
256. The storage area that can be reserved 
by a DS statement is limited only by the 
capacity of the location counter, 

H-T y pe Op eran d 

The K-type operand is employed to reserve a 
storage area the subfields of which have an 
implied length of two bytes. 



■ 



O' 



1 


2 3 


4 5 


6 7 


8 


9 


10 


C(char.) 


1 
H (halfword) 


Y (address) 


r 

Y (address) 

1 


X(hexq) 


X(hexa) 


C(char.) 



Figure 12. Economical Storing of a Sequence of Constants 
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Example : 



I r 1 

I Name] Oper at ion-| Operand 



IINA1 IDS 



20H 



This 
bytes) 
beginni 
leftmos 
bolic a 
ref erre 
length 
implied 
cif led 
tion th 
length 



statement causes 20 halfwords (40 
of main storage to be reserved, 
ng at a hal^word boundary. The 
t byte of this area carries the sym- 
ddress INA 1 . Each storage field 
d to by this address has the implied 
of two bytes. The knowledge of the 

length is important if INA1 is spe- 
as an operand of a machine instruc- 
at requires the inclusion of a 
factor. 



C-Type Operand 

For reservation of storage areas with sub- 
fields of different implied lengths, the 
C-type operand is used. 

Example : 



I Name | Operation | Operand 



l- 



4- 



I INA2I DS 
I I 



I ioncL3 



o 



o 



This statement reserves 100 fields of 
main storage with a length of 3 bytes each, 
a total of 300 bytes, addressable through 
the symbol INA2. This reserved area is not 
boundary aligned. 

The length modifier of a DS C-type sta- 
tement may have any value from 1 through 
256. Additional examples of DS statements 
are shown below. 

AREA DS CL100 defines one field of 

mo bytes. 
FLD1 DS 80C defines 80 fields of 

one byte each. 

While the Basic Assembler is processing 
a DS statement, it discontinues the punch- 
ing of the current TXT and RLD cards. 
Punching is resumed with a new TXT card for 
the location following the reserved area (or 
areas). Therefore, all DS statements of a 
program should be grouped together to 
reduce the number of TXT cards punched. 

Duplication Factor 

Data fields frequently contain values that 
will be loaded into a register in the 
course of a program. These data fields 
must be aligned at a halfword boundary. 



If the data is defined as character or 
hexadecimal constants, i.e., data is not 
automatically boundary aligned, it may be 
difficult to verify this alignment, espe- 
cially in a complex program . In such a 
case, it is better to force boundary align- 
ment, as a precaution, thus removing the 
need to verify . 



In the following example, a storage area 
named AREA is defined, with an implied 
length of 128 bytes. The preceding DS sta- 
tement with a duplication factor of zero 
sets the location counter to a halfword 
boundary. 



I Name I Operation | Operand 



I DS 
AREAI DS 
i_ 



|0H 
I CL121 



A duplication factor of zero is also 
used to assign a name and a length attri- 
bute to a storage area without actually 
reserving it. Subsequent DS or DC state- 
ments then establish subfields within the 
larger area by assigning addresses to these 
subfields and generating data. 



In the example in Figure 13, the name 
PAYR is assigned to an area of 50 bytes. 
No space is actually reserved at this 
point, but subsequent DS statements subdi- 
vide and reserve the storage within the 
area PAYR. The symbols PYNO, REGH, etc., 
which are specified in the name fields of 
the DS statements, allow reference to sub- 
sections of the area PAYR. The address 
PAYR still implies the length of 50 bytes 
and refers to the area as a whole. 



Name I Operation | Operand 

-I— 

IPAYR 

I 

IPYNO 
I LNAM 
I FNAM 
I REGH 
lOVTM 
I STRT 
I OVRT 
ISLRY 
I 



Figure 13. Reservation of Main Storage 
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BASIC ASSEMBLER CONTROL INSTRUCTIONS 
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Basic Assembler control instructions are 
used to begin assembly (START) , end assem- 
bly (END) , and set the location counter to 
a value at a halfword boundary (ORG) . 



START -- START PROGRAM 



When a prog 
normally sp 
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Bytes to 
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bier program can 
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the Relocatable- 
from location 156 
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he possible start 
gram to 316 
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the START 
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without a 
is flagge 
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spec 
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repr 
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n ope 
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orm of 
he loc 
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ement 
ram. 
e loca 
to 3U0 
rand s 
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IS spec 
e operan 
the tent 

an abso 
ation CO 
this add 
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tion cou 
(A ST 
hould no 



ified in a 
d of the START 
ative loading 
lute address, 
unter is incre- 
ress as soon as 
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nter is auto- 
ART statement 
t be used and 



Example : 

START 1000 



Th 
ter t 
START 
stora 
add re 
folio 
is en 
state 
gram 
table 
the p 
bier 



IS s 
o be 
sta 
ge s 
ss i 
ws t 
tere 
ment 
name 
, to 
rogr 
prog 



tatemen 
advanc 
tement 
pace it 
s assig 
he STAR 
d in th 
, it is 
and is 
gather 
am . In 
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ed t 

does 

self 

ned 
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ent 

with 
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uses 
o 10 

not 
, th 
to t 
atem 
me f 
side 
ered 

the 
itio 
the 



the lo 
OO. Si 
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e speci 
he inst 
ent. I 
ield of 
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in the 
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name to 



cation coun- 
nce the 
e any 

fied start 
ruction that 
f a symbol 

a START 
be the pro- 
symbol 
address of 
Basic Assem- 
be punched 



into columns 73 to 76 of each object pro- 
gram card. 

Note: For the purpose of boundary align- 
ment, the start address should be an even 
number. If it is an odd number, the Basic 
Assembler program advances the location 
counter to the next higher even value above 
the specified start address. 



END — END OF PROGRAM 

A program written in Basic Assembler lan- 
guage must be terminated by an END state- 
ment, which supplies the branch address 
required for program execution after the 
program is loaded. 

The operand of the END statement con- 
tains the address of the point to which 
control is to be transferred on completion 
of the loading process. This is normally 
the address 3f the first machine instruc- 
tion in the problem program. 



Example 



Name | Operation | Operand 



1 

PBL1 ISTART 
BGN IBASR 

I I 

I I 

I V 

I END 
I 



H 

1340 
I 10,0 



I BGN 



In the above example, the start address 
for program execution is BGN. When the END 
card is read, the address contained in the 
operand of the END statement is loaded into 
register 12 by the Absolute-Program Loader, 
followed by a branch to the address in 
register 12, which initiates program 
execution. 

If it is desired to load more than one 
program for simultaneous execution, the 
Relocatable-Program Loader must be used and 
a load terminate (LDT) card must be sup- 
plied. In this case, the loader program 
disregards the END card. For further 
details refer to the SRL publication IBM 
System/360 Model 20 Car d Pro gramming_Sup- 
port, Basi c U t ility Programs , Functi on s ..and 
Operating Proc e d u r e s , F o 



I 



rm C26-360a, 






34 System/360 Model 20 Basic Assembler Language 



o 



ORG — RESET LOCATION COUNTER 

The ORG statement is used to reset the 
location counter to any desired value. 



The statement 
value of the 1 
mented by 500, 
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able expressio 
of or includes 
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A valid symbol 
garded by the 
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start 
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e name fiel 
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o be incre- 
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ion consists 
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e Absolute- 
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The 
certain 
tions a 
table, 
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phases. 
This me 
capacit 
routine 
resulti 
after t 



program 

scient 

nd stor 

which i 

tions a 

each o 

ans tha 

y of 40 

must b 

ng obje 

he othe 



shown in Figure 14 executes 
if ic-mathema tical calcula- 
es the results in a 480-byte 
s printed out later. The 
re assumed to consist of two 
f which requires 3200 bytes, 
t {with an available storage 
96 bytes) each calculation 
e as?;embled separately. The 
ct programs are executed one 
r . 



For this reason, the table area where 
the results of the calculations are stored, 
was reserved at the first available posi- 
tions of main storage, followed immediately 
by the constants and program routines 
required for all successive calculation 
phases. This information occupies storage 
locations 013C to '^3U0 (the addresses are 
given in hexadecimal notation to facilitate 
reference to Figurp 14), and will not be 
overwritten when subsequent program phases 
for execution of the assembly are loaded. 

The statement P'>GM MVC X(5),Y, which is 
stored at position 03UU, is the first sta- 
tement of the calculation routine. All 
other statements o'*' this procedure have 
been omitted, except those that demonstrate 
the chaining of the various program 
routi nes. 



When the f 
la ted, it is 
tement 034A) . 
LOOP (stateme 
gram segment 
position of t 
explanation i 
Define Consta 



determine if 
the calculati 
another resul 



irst result has been calcu- 
loaded into register 10 (sta- 

The program then branches to 
nt 0330) . The following pro- 
stores the result in the first 
he table area (a detailed 
s given in the section DC — 
nt ) , and tests a switch to 
the program must go through 
on routine again to compute 
t. 



If this is the case, the program 
branches to PRGM. Otherwise, the calcula- 
tion phase has been completed and the pro- 
gram branches to the loader area (statement 
033C) to read calculation phase 2 into main 
storage. 



Calculation phase 2, as a separately 
assembled program, also begins with a START 
instruction. However, since the loader 
does not use it, register 14 has the same 
contents as during the previous assembly. 
Therefore, the BASR instruction can be 
omitted and the START address becomes 318. 
However, the USING instruction is required. 

Now the previous program part must be 
linked to the subsequent one. The ORG sta- 
tement is used to reset the location coun- 
ter to position 0344. This is the start 
address of the calculation routine phase 1, 
which is no longer required and can be 
overwritten by phase 2. 

Since the operand of the ORG statement 
must be relocatable and hexadecimal 0344 is 
an absolute address, the location counter 
is set to 0(*-318) and the desired address 
0344, which is equal to PH2 , is added. The 
operand ♦-318+PH2 thus obtained is relocat- 
able. The address 0344 can be determined 
only from the program listing, after the 
assembly of phase 1. It must then be 
inserted into a previously prepared state- 
ment card. 

The location counter setting of 0344 
causes the subsequent program (a) to be 
loaded, starting at this position, and (b) 
to overwrite phase 1. 

By following this procedure, any number 
of programs can be assembled separately and 
then be linked for successive execution. 
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013C 






013C 


OOEO 




013E 






013E 


47F0 


ElEA 


0142 






0322 


0142 




0324 


0004 




0326 


FO 




0008 






0009 






OOOA 






0328 


4880 


EIE4 


032C 


47F0 


E206 


0330 


40A0 


8000 


0334 


4A80 


E1E6 


0338 


9101 


E1E8 


033C 


4710 


009C 


0340 


47E0 


E206 



U 0344 



PBLl 


START 


316 




001 


BGN 


BASR 


14,0 




002 




USING 


*»14 




002 




BC 


15, RTN 




002 


TABL 


OS 


120CL4 


DEFINE RESULT TABLE 


002 


AOTA 


OC 


Y(TABL» 




003 


FOUR 


OC 


H»4' 




003 


SWIT 


OC 


CLl'O* 




003 


R8 


EQU 


8 




003 


R9 


EQU 


9 




003 


RIO 


EQU 


10 




003 


RTN 


LH 


R8,ADTA 


LOAD TABLE ADDRESS 


003 




BC 


15, PROM 




003 


LOOP 


STH 


R10,0(0,R8> 


BRING RES INTO TABL 


003 




AH 


R8,F0UR 


INCRM TABLE ADOR 


003 




TM 


SWIT,! 


TEST FOR PROGRAM END 


003 




BC 


1,156 


LOAD PHASE 2 


003 




BC 


14,PRGM 


REEXECUTE PHASE 1 


003 



D204 0000 0000 



START CALCULATION PHASE 1 

RGM MVC X(5),Y 

THIS PROGRAM PHASE REQUIRES CA. 3200 BYTES 



O 



I 



003 



034A 


48A0 0000 


034E 


47F0 EIF2 


013C 





LH RIO, RES 
BC 15, LOOP 
END BGN 



LOAD RESULT INTO RIO 
INITIATE TABLE ENTRY 



003 
003 
005 



Figure 14 (Part 1) . Prograinmed Routine for Table Look-up and Program Linking 
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013E 
013E 
OOOA 
0326 
0330 
0344 
0344 



0344^ 



92F1 0326 



♦START 


CALCULATION PHASE 2 






START 


318 


001 




USING 


•,14 


002 


RIO 


EQU 


10 


002 


SWIT 


EQU 


X«0326> SYMBOL LINKING 


002 


LOOP 


EQU 


SWIT+10 SYMBOL LINKING 


002 


PH2 


EQU 


X'0344» ADO OPERND AFT ASS3LY PHI 


002 


* 


ORG 


*-318*PH2 JUMP TO FIRST AVAIL LOC 


002 


* 

PBL2 

* 


MVI 


SWIT,C'l' BEGINNING OF CALC PH2 


002 



0348 
034C 
0344 



♦THIS PROGRAM PHASE REQUIRES CA. 3200 BYTES 



48A0 0000 
47F0 0330 



LH 
BC 
END 



RIO, RES 
15, LOOP 
PBL2 



LOAD 
INITI 



RESULT INTO RIO 
ATE TABLE ENTRY 



002 
002 
003 



Figure 14 (Part 2). Programmed Routine for Table Look-up and Program Linking 
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INPUT/gUTPUT_INSTRUCTIONS 
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Input/outpat operations can be caused in 
two ways: 

1. by means of the Input/Output Control 
System (IOCS) , or 

2. by writing I/O routines usinq the Basic 
Assembler I/O instructions. 

The use of IOCS allows the writing of 
macro instructions, as explained in a sub- 
sequent section. The second mathod, the 
writing of individual I/O routines, is 
explained in the following paragraphs. 

Three types of ^/O instructions are 
available in the Basic Assembler language: 

1 . XIO instructions (execute input and 
output) . 

2. CIO instructions (control input and 
output) . 

3. TIOB instructions (test input and out- 
put and branch) . 

The XIO statement has an SS format, and 
CIO and TIOB statements have SI formats, as 
explained in the section M achi n e Instruc - 
tion_Fo rm a ts . 

All three instructions include the unit 
and function (UF) specification field. 
Data in this field must be specified in 
hexadecimal notation. 



XIO -- EXECUTE INPHT/OUTPUT • 

The operand entry of an XIO instruction is 
written 

D1 (UF,31) ,D2(B2) 

or when using symbolic addressing. 

Symbol 1 (UF) , Symbol 2. 

U designates the Unit used as the I/O 
device and F designates the assigned Func- 
tion, i.e., the operation to be executed. 

For example, a 2501 reader is attached 
and X'12' is specified in the UF field of 
the XIO instruction. The hexadecimal digit 

1 tells the Basic Assembler program that 
the 2501 is used and the hexadecimal digit 

2 indicates that the unit must read a card. 
A complete list of all UF codes is provided 
in Appendix C. 



Depending on the specification in the UF 
field of the XIO instruction, the second 
symbol designates the amount of data to be 
handled during the I/O operation; i.e., the 
number of card columns to be read or 
punched, or the number of characters to be 
printed. Samples of XIO instructions are 
shown in Figure 15. 

Note: If the XIO statement refers to a 
card unit, the value in the second operand 
must not exceed 80. If it refers to a 
printer, the maximum value is 144 for a 
2203 Printer; 132 for a 1403 Model 2 or N1; 
and 120 for a 1403 Model 7. 



1 ■■ T 1 I - 

1 Note 1 Name | Operation | Operand 
III ■ 


I 

1 
i 


1 1 1 

1 |CARD|EQU 


180 


1 


1 |LINE|EQU 


1 100 




11. |OUT |XIO 


|FLDA(X '40') ,LINE 




|2. |OUT 1 XIO 


1 OUTB (X' 40' ) ,20 




|3. IPNCHjXIO 


lOUTA (X '36') ,CARD 




14. jINPTIXIO 


1 INI (X' 23') ,16 




15. IINPTIXIO 
1 1 1 


lEXAR (X' 24' ) ,CARD 


j 



Figure 15. Sample of XIO Instructions 

1. Prints 100 characters on the attached 
1403 or 2203 printer. 

2. Prints 20 characters on the attached 
1403 or 2203 printer. 

3. Punches 80 columns on the attached 1442 
Card Punch, Model 5. 

4. Heads the first 16 columns of a card 
from the secondary hopper of the 
attached 2560 HFCM. 

5. Punches 80 columns of a card from the 
primary hopper of the attached 2560 
HFCM or 2520. 

CIO — CONTROL INPUT/OUTPUT 

CIO instructions are used to control the 
operation of attached I/O devices. With 
card I/O devices, the CIO instruction is 
used for stacker or print-head selection; 
with a printer, the CIO instruction is used 
to cause spacing or skipping. 

The instruction is written in the fol- 
lowing format: 

CIO D1 (B1) ,UF 

or 
CIO S1,UF (S=symbol) 
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1. CIO 4,X'21» 

2. CIO 3,X'22» 

3. CIO 2,X'20' 

1. It is assumed that a preceding read 
instruction caused the feeding of a 
card from the secondary hopper of the 
attached MFCM. The sample statement 
causes this card to be ejected into 
stacker 4. 

2. The card presently in the punch or pre- 
print station of the attached MFCM is 
ejected into stacker 3. 

3. If the attached unit is a 2520 and a 
preceding read or punch instruction 
caused the feeding of a card, this card 
is ejected into stacker 2. If the 
attached unit is a 2560 MFCK and a pre- 
ceding read instruction caused the 
feeding of a card from the primary 
hopper, this card is ejected into 
stacker 2. 

If the I/O unit is a 2560 MFCK and 
stacker selection is not specified , stacker 
1 is automatically selected for cards from 



the primary hopper and stacker 5 for cards 
from the secondary hopper. Therefore, CIO 
statements that assign these functions are 
not required. 

In addition, if 6, 7, 14, or 15 is spe- 
cified in the first operand of a CIO 
instruction that refers to a 2560 MFCM, the 
selected cards are ejected into stacker 1. 

In the programming sequence, the CIO 
statement for a 2560 KFCM should follow a 
read instruction, if possible. In addi- 
tion, it must precede the next read, punch, 
or punch-and-f eed instruction for the same 
hopper. For punch-card stacker selection, 
the relevant CIO instruction must be placed 
before the next read, punch, or punch-feed 
instruction, regardless of the referenced 
hopper. 

The punch-card stacker select function 
{X'22') is specified for stacker assign- 
ment, if the respective card is in the 
punch unit or in the pre-print station of 
the MFCK. 

For a 2520, the CIO statement is 
required only to assign stacker 2. In the 
programming sequence, this statement should 
precede the read, punch, or punch-and-f eed 
instruction . 



Print-Head Selection 

Print heads are selected by using bits 26 
to 31 of the machine-instruction format as 
a mask. The mask is specified as a decimal 
integer in the first operand of the per- 
tinent CIO statement and sets the bits 
assigned to the individual print heads to 
one. This is illustrated, in Figure 16. 



^kkmtJ^ 



I 



Number of print head: 



Assigned bit numbers; 



MASK: 



1 I 2 I 3 I 4 I 5 
I I I I 

26 27 28 29 30 



! 1 ! ! 1 ! 
I I r I 



31 



Decimal equivalent of V V 

the binary bit positions: 2^ 2* 2^ 2? 2' 20 

I I 

I I 

V V 

Decimal equivalent of , t 

the mask : 1 6 + U = | 20 | 

I J 

Figure 16. Sample of a Mask for Print-Head Selection 
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In the above example, print heads 2 and 
U are selected because the bits assigned to 
these are set to 1 by the mask. The deci- 
mal equivalent of the mask is specified in 
the first operand of the CIO statement as 
follows: 

CIO 20 ,X'2.3' 

The operand X'23' refers to a card I/O 
device and specifies the print- head-select 
f unction. 

The highest decimal number that can be 
used as a mask for print head selection is 
63, which activates all available print 
heads. The mask can also be expressed in 
hexadecimal notation or in the format 
D1 (B1) . 



IDM_SY.ste!n/3 60_«qdel_20^_1Jil9_Ma(inetic 
Char act er_Reader , Form A 2 4- 14 99. 

Communications Adapters 

A CIO statement that refers to the Model 20 
Communications Adapter or the Binary Synch- 
ronous Communications Adapter must contain 
the unit address hexadecimal 5. For the 
appropriate function specification, refer 
to Appendix C. 

The first operand, D1(B1), of a CIO sta- 
tement that refers to one of the communica- 
tions adapters is ignored. However, it 
must be contained in the statement, and 
must resemble a valid address. 



o 






Spacing and Skipping 

A CIO statement that refers to a printer 
must contain the unit address (U) hexadeci- 
mal 4. If a spacing function is requested, 
the first operand 5=;pecifies the number of 
space to be performed. This can be ex- 
pressed in decimal or hexadecimal form, or 
as D1(B1). The maximum number of spaces 
allowed is 3. 

The appropriate function codes are shown 
in the summary of I/O instructions in 
Appendix C. 

Example: 

CIO 2,X'4C' 

This statement causes the immediate 
spacing of 2 lines on both carriages of. an 
attached 2203 Printer. 

If a skipping function is requested, the 
first operand specifies the channel number 
of the carriage control tape that identi- 
fies the line at which the skipping is 
terminated . 

Exa mpl e : 

CIO 6,X'45' 

This statement causes the skipping of a 
page on the attached 1403 Printer, up to 
the line identified by a punch in channel 6 
of the carriage control tape. 

Serial I/O Cha nnel 

All CIO statements that refer to the serial 
I/O channel must contain the unit address 
hexadecimal 6. For the appropriate func- 
tion specification refer to Appendix C. 
The use of the first operand D1(B1) is 
described in the following SRL publication: 



TIOB — TEST INPUT/OUTPUT AND BRANCH 

TIOB statements are used to test the opera- 
tional conditions of the attached I/O 
devices or the proper execution of an I/O 
function; e.g., print error, last card, 
feed error, device busy. 

If a busy condition exists, a branch is 
performed to the address specified in the 
first operand of the pertinent statement. 
Otherwise, the subsequent program statement 
is processed. 

The operands of a TIOB statement are 
written in the following form: 

D1 (B1) ,UF 

o r 

S 1 , U F 
E xampl es : 

1. TIOB AREA,X'24« 

2. TIOB *,X«40' 

3. TIOB HALT,X'33' 

1. This instruction causes a branch to 
position AREA after the last card has 
been read on the attached I/O device 
with the device address 2. 

2. This statement causes the program to 
loop until the attached printer has 
completed the current print cycle. 

3. This instruction causes a branch to the 
procedure named HALT if a punch error 
has occurred on the attached 1442 Card 
Punch . 

A summary of the Basic Assembler I/O 
instructions, together with the associated 
function specification codes, is provided 
in Appendix C. 
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SEQUENCE OF I/O INSTRUCTIONS 



o 



The proper sequence of the input-output instructions for different cases is shown in the 
following examples: 



I 



CARRIAGE CONTROL; 



OR 



PRINTER CONTROL: 



CARD READER CONTROL: 



PUNCH CONTROL: 



TIOB 


*,X' t|6« 




TIOB 


*,X'40« 




CIO 


1,X' 45' 




CIO 


3,X'44' 




TIOB 


«,X'46' 




TIOB 


*,X' t*0' 




XIO 


PRT {X'41 ' 


') ,120(0) 


BC 


4,*-6 




BC 


1,HLT 




TIOB 


*,X'20' 




XIO 


CRD(X' 22' 


') /80(0) 


BC 


4,*- 6 




BC 


1,HLT 




TIOB 


END,X'2l|' 




TIOB 


HLT,X'25' 




TIC3 


*,X'20' 




CIO 


2,X'22' 




XIO 


PCH(X«25' 


') ,80(0) 


BC 


5,HLT 




TIOB 


HLT,X'21' 


1 


TIOB 


END,X'24' 




TIOB 


HLT,X'25' 


1 



TEST CARRIAGE BUSY 

TEST PEINTER BUSY 

SKIP TO CHANNEL ONE IMMEDIATELY 

SPACE THREE TIBES IMMEDIATELY 



TEST CARRIAGE BUSY 

TEST PRINTER BUSY 

PRINT AND SPACE SUPPRESS 

BRANCH IF PRINTER WORKING 

BRANCH IF PRINTER NOT OPERATIVE 



TEST SEADER BUSY 

READ THE CARD 

BRANCH IF READER WORKING 

BRANCH IF READER NOT OPERATIVE 

BRANCH IF LAST CARD 

BRANCH IF FEED ERROR 



TEST READER/PUNCH BUSY 

SELECT STACKER TWO 

PUNCH SECONDARY CARD 

BRANCH IF PUNCH NOT OPERATIVE 

TEST READER/PUNCH ERROR 

TEST LAST CARD 

TEST FEED ERROR 



INPUT/OUTPUT MACRO INSTRUCTIONS 



A major part of most programs written in 
Basic Assembler language consists of the 
routines required to read data into the 
system and to produce the output of the 



processing performed on the input data. 
IBM provides the user of the Model 20 Basic 
Assembler language with a library of tested 
I/O routines, which is part of the IBM 
System/360 Model 20 Card Programming Sup- 
port, Input/Output Control System (CPS 
IOCS) . 



o 
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I 

PUT 



o 



Macro 
Instruct: 



GET 



OPEN 



CLOSE 



CRDPR 



CNTRL 



LOH 



EOK 



PRTOV 



WAITC 



Function 



Makes the next record avail- 
able in the area specified by 
the user. 



Makes a record (in an area 
specified by the user) avail- 
able ^or an I/O operation. 



Opens the file, i.e., ensures 
that all information neces- 
sary to handle a file has 
been provided. 



Closes the file, i.e., 
ensures proper handling of 
the file after all records 
have been processed. 



Moves the informat 
printed on a card 
work area into the 
print area. Used 
connection with a 



ion to be 
from the 

specified 
only in 
2560 MFCM. 



Causes the performance of 
certain I/O functions, e.g 
skipping, spacing, stacker 
selection . 



Starts processing 
non-overlap mode. 



of files in 



Starts processing 
overlap mode, in c 
preceding LOM macr 
instruction. 



of files in 
ase of a 
o 



Checks for printer overflow 
conditions. 



Causes the problem 
wait for the compl 
all pending card I 
tions before proce 
next sequential in 



program to 
etion of 
/O opera- 
ssing the 
struction. 



V^j|V 



Figure 17. Summary of IOCS Macro 
Instructions 

In the source program, the IOCS routines 
are called by statements referred to as 
macro instructions. The use of IOCS macro 
instructions saves programming time because 
it relieves the user of coding, testing, 
and providing linkages to his own I/O rou- 
tines. In addition, the IOCS routines take 
advantage of the time-sharing capability of 
the Model 20, thereby optimizing 
throughput . 

For detailed information on the Model 20 
IOCS, refer to the SRL publication IBM 



Syst em/ 360 Model „20 ..Card P rogr amming Sup- 
port, Inp ut/ Output Control .System, For m 
C26-3603. 

Figure 17 contains a summary of the IOCS 
macro instructions and their functions. 

Additional macro instructions, and the 
associated I/O routines, are available to 
users of the Communications Adapter and the 
1U19 Magnetic Character Reader. For 
detailed information refer to the following 
SRL publications: 

IBM System/360 Model 20 : 

In put /Output Control,. System for the Com- 
munications Adapter , Form C26-3606; 

Input/Output Control System for the 

B in. a r x_ Sxn c hronous_.Commun ic a tions _A da pt- 

er. Form C33-4001; 

Input-Output C ontrol System for the I BM 
1419 M agn etic .Character Reader , Form 
C26-3607. 



I/O ROUTINES — INCLUDING INTERRUPTS 

A user program which enables the interrupt 
mode with an SPSW statement that changes 
the channel mask bit of the current program 
status word from 1 to must ensure that 
the pending interrupts caused by the loader 
do not interfere with the execution of the 
object program. 

Both the Absolute-Program Loader and the 
Relocatable-Program Loader cause two pend- 
ing interrupts. Interrupt 1 is caused when 
the program is read on a 2501, 2520, or 
2560; interrupts 1 and 2 are caused when 
the program is read on a 2520 or a 2560, 

Inte rru pt 1: Associated with the last r ead 
instru ction of the loader, interrupt 1 is 
pending when the execution of the object 
program begins. This interrupt becomes 
effective after the first SPSW instruction 
in the user program has been processed. 
The program in this case branches to the 
programmed interrupt routine, although the 
condition on which the interrupt routine is 
based has not occurred. 

An example of the programming sequence 
that enables th f interrupt mode through an 
SPSW statement is shown in Figure 18. For 
this purpose, the first two TIOB statements 
in the figure may be disregarded. 

Inte rrupt 2 : This interrupt is issued at 
the end of program loading. After the END 
card of the object program has been read, 
an XIO instruction in the loader program 
causes a dumm y punch cycle that moves the 
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END card from the pre-punch station to the 
punch unit of the punching device, prior to 
execution of the object program. The dummy 
cycle is effected by specifying X'40' 
(blank) to be punched into column 1, which 
results in nothing being punched. 

Interrupt 2 also occurs after the first 
SPSW instruction in the user program after 
the dummy punch instruction has been 
executed. 

The XIO dummy instruction may cause a 
mispunching of the END card during the ini- 
tial phase of the object program. While 
the XIO instruction is being executed, the 
loader transfers control to the object pro- 
gram and, thereby, initiates processing. 
If the I/O device used for loading is a 
2560 MFCH or a 252^1 card read-punch and the 



loader area is overwritten before execution 
of the dummy punch instruction has been 
completed, a character other than blank may 
be punched into column 1 of the END card, 
which makes the END card invalid. 



Mispunching of the END card can be 
avoided by using a TIOB instruction as the 
first statement in the user's program, as 
shown in Figure 18. 

The mispunching of the END card can also 
be avoided if the loader area is not over- 
written during the initial processing 
phase. (The initial processing phase is 
terminated after execution of the first XIO 
statement in the user program that refers 
to the 2560 that is used for program 
loading) . 






I 



I Name I Operation | Operand 



BEG 
MVNP 
AXPW 
SNPS 



TIOB 

TIOB 

MVC 

SPSW 

DC 

DC 

MVC 

I > 

I 



|*,X'22' 
|*,X«20' 

I 14B (U) ,AXPW 
I AX^W 

ix'nioo* 

I Y (SNPS) 

I 148(4) ,SYMB 



-MAIN PROGRAM 



WAIT, when loading from 
WAIT, when loading from 
GET AUXILIARY NEW PSW 
ENABLE INTERRUPT MODE 
THIS PSW BRANCHES TO 
MAIN PROGRAM 
defining the address of 
user's PSW. 



2520 
256 



o 



Figure 1i 



Sample Routine for Compensation of Pending Interrupts Caused by the Loader 



o 
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MACHINE-INSTRUCTION STATEMENTS 



^(^jr 



This section describes the coding of the 
machine instructions written in Basic 
Assembler language and translated into 
machine language. The machine- language 
format and the functions of each machine 
instruction are described and the use of 
each instruction is illustrated by an 
example. 

A machine instruction is a direction 
given to the computer to cause the execu- 
tion of a certain operation. In Basic 
Assembler language, these instructions are 
written in the form of mnemonic codes, 
which are translated by the Basic Assembler 
program into Systera/360 internal or machine 
code, respectively. The codes are printed 
in the leftmost part of the program list- 
ing, next to the location counter 
reference. 

Machine instructions are divided into 
four groups, according to basic operand 
format: 

1. RR instructions (register to register), 
length : 2 bytes. 

2. RX instructions (register to storage or 
storage to register), length: 4 bytes. 

3. SI instructions (storage - immediate), 
length: 4 bytes. 

4. SS instructions (storage to storage) , 
length: 5 bytes. 

A summary of these formats, together 
with their associated operation codes, is 
shown in Figure 19. 

All machine-instruction statements are 
automatically aligned at halfword boun- 
daries. All bytes skipped are filled with 
hexadecimal zeros. 

Any machine instruction can be identi- 
fied by a symbol, which can be used as a 



branch address in operand (s) of other 
statement (s) . 



Note s Referring to Figure 19 

1. R1 and R2 are absolute expressions 
that specify general registers. The 
general register numbers are 8 through 
15. 



2. D1 and D2 are absolute expressions 
that specify displacements. A value 
of through 4095 may be specified. 

3. HI and 32 are absolute expressions 
that specify base registers. Register 
numbers are 0-3 and 8-15. 

4. Ml is an absolute expression repre- 
senting a condition code. 

5. L, LI, and L2 are absolute expressions 
that specify field lengths. An L 
expression can specify a value of 1 - 
256. LI and L2 expressions can speci- 
fy a value of 1 - 16. In all cases, 
the assembled value will be one less 
than the specified value. 

6. 12 is an absolute expression that pro- 
vides immediate data. The value of 
the expression may be - 255. 

7. SI and S2 are absolute or relocatable 
expressions that specify an address. 

8. SI instruction fields that are crossed 
out in the machine formats are not 
examined during instruction execution. 
The fields are not written in the sym- 
bolic operand, but are assembled as 
binary zeros. 

9. UF is an absolute expression repre- 
senting an input/output unit address 
and a function. 



o 
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i— I- 



l— H- 



I 

I Basic Machine format 



I Operation 
I Code 



T 1 T 

R1 



RRI 



I Operation 
I Code 



I Operation 
I Code 

I 

RX| + 



I Operation 
I Code 



-+ 

I 8 

I Operation 

I Code 



SI 



I Operation 
I Code 

I 

1 



I Operation 
I Code 
I 
-4 



I Operation 
1 Code 

I 

SSf 



I Operation 
I Code 



I Operation 
I Code 



R2 



4 
R2 



4 
X2 



X2 



12 



UF 



I 

LI I L2 
I 



UF 



4 
B2 



T r 

12 

D2 



4 
B2 



4 
B1 



12 

D2 



12 

D1 



12 

D1 



12 

D1 



12 

D1 



12 

D1 



12 

D1 



4 
B2 



12 
D2 



12 

D2 



12 

D2 



Assembler Operand 
Field Format 



T 

Applicable 
Instructions 



R1,R2 

(See note 1) 



HI ,R2 

(See notes 1 and 4) 



R1 ,D2 (0,B2) 

R1,S2 

(See notes 1,2, 3, and 7) 



Ml ,D2 {0,B2) 

M1,S2 

(See notes 2, 3, 4, and 7) 



D1 (B1) ,12 

SI, 12 

(See notes 2, 3, 6, and 7) 



D1 (B1) 

SI 

(See notes 2, 3, 7, and 8) 



D1 (B1) ,UF 
S1,UF 
(See notes 2, 3, and 7-9) 



D1 (LI ,B1) ,D2 (L2,B2) 
SI (LI) ,S2(L2) 
(See notes 2, 3, 5, and 7) 



D1 (L,B1) ,D2 (B2) 
SI (L) ,S2 
(See notes 2, 3, 5, and 7) 



D1 (UF,B1) ,D2 (B2) 
SI (UF) -S2 
(See notes 2,3 ,7, and 9) 



AR ,BASR,SR 



|BCR 






STH,LH,CH, AH,SH, BAS 



BC 



CLI,MVI,NI,OI,TM,HPR 



SPSW 



^ 



—■ I 



TIOB 

CIO (Dl (B1) detailed 
specification) ' 



-+ 



PACK,UNPK,MVO,AP, 
CP,DP,MP,SP,ZAP 



CLC,MVC,MVN, 
MVZ,TR,ED 






|XIO (D2 (B2) detailed 



O 



■ 



I I 



J I I L t„ 






Figure 19. Machine Instruction Formats 
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MACHINE^NSTRUCTIOW_nNEMONIC_CODES 

The mnemonic operation codes (shown in 
Appendix B and Figure 19) are designed to 
be easily- remembered codes that indicate 
the functions of the instructions. The 
normal format of the code is shown below; 
the items in brackets are not necessarily 
present in all codes: 

Verb [Modifier] [Data Type] [Machine 
Format ] 

The verb, which is usually one or two 
characters, specifies the function. For 
example, A represents Add, and MV repre- 
sents Move. The function may be further 
defined by a modifier and the data type. 
For example, the modifier L indicates a 
logical function and the C indicates a 
character as data type, as in CLC for Com- 
pare Logical Character. 

The letters R and I are added to the 
codes to indicate, respectively, RR and SI 
machine instruction formats. Thus, AR 
indicates Add in the BR format. Functions 
involving character and decimal data types 
imply the SS format. 



INSTRUCTION FORMAT? 

A distinction must be made between the 
instruction format in Basic Assembler lan- 
guage and the instruction format in machine 
language, as translated by the Basic Assem- 
bler program. 

Ex ampl e: 



I Instruction in 

I Basic 

I Assembler 

I Language 

1 ., 



finstruction in 
I Machine Language 



Op I MOpi I I I I I 

CdlOperands MCd |'L1 | L2|B 1 | D1| B2| D2 



4- 



+ — I h 



H 



o 



|DP| W0RK(9) ,C2 (2) M FD| 8] 1| D|ODC| D|OEF 



In the above example, the DP instruction 
causes the dividend that is contained in 
the field WORK, with an explicit length of 
9 bytes, to be divided by the divisor, con- 
tained in the field C2, with an explicit 
length of 2 bytes. 

Assuming register 13 has been assigned 
as base register by an appropriate USING 
statement, the Basic Assembler program 
translates this instruction into the format 
FD81 DODC DOEF, as shown. The mnemonic 
operation code becomes FD; the WORK length 
code (9) is contained in the LI field; and 



the C2 length code (2) is contained in the 
L2 field in the assembled instruction. 
(Each assembled length code is one less 
than the length of the statement in Basic 
Assembler language because the length code 
1 is assembled as 0, thus permitting a 
length of 16 within the U-bit LI and L2 
fields.) The operand addresses are split 
in a base register and a displacement, 
which are contained in the B and D-fields 
respectively (see the section Storage 
Addresses) . 



RR FORMAT 

This is the shortest of the four instruc- 
tion formats and requires the least proces- 
sing time. It is used to specify register- 
to-register operation; i.e., data is trans- 
ferred from one register to another. In 
Basic Assembler language, such a statement 
is written as 

Op-Code R1,R2 (R-register) 

or 
Op-Code M1,R2 (M^mask) 

Ex am £l e : 

AR 9,10 The contents of register 10 are 

added to the contents of register 
9. 

The operand format K1,R2 is used togeth- 
er with the Branch-on-Condition-Register 
(BCR) operation code. It is applied if the 
program reaches a decision point where, 
under a certain condition, a branch must be 
performed. In this case, the branch 
address is contained in the register speci- 
fied (R2) . 

E xam ple : 

BCR 8,15 

The binary equivalent of 8(1000) is used 
as a mask to test the condition code in the 
Program Status Word. The branch is 
executed if the condition code is 00. 
(Refer to the section The Co ndition Code) . 



RX FORMAT 

This format is used to cause data flow 
between a register and main storage. The 
direction of the flow is determined by the 
operation code. The Store Halfword (STH) 
instruction transfers data from a register 
to storage; the AH instruction causes 
information in main storage to be added to 
the contents of a register. The address 
specified in the second operand of an RX 
instruction can be in explicit or implied 
form . 
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In Basic Assembler language, the 
instruction is written as: 

Op-Code R1,D2{X2,E2) when using explicit 

addressing^ 



Op-Code R1,S2 



when using implied 

addressing. 

(S = symbol) 



When specifying an explicit address, the 
X2 sub-field of the operand D2(X2,B2) must 
be set to 0. 



STH 9,AREA+4{0,12) 

The contents of register 9 are stored at 
the location (AREA+4) + (contents of register 
12) . However, this statement is valid only 
if AREA is defined as an absolute symbol 
with an address value not exceeding 4095. 

Branch instructions in the RX format 
(operation code EC) are written as: 

Op-Code M1,D2(0,B2) when Uoing explicit 

addressing, 
or 



Op-Code M1,S2 



when using implied 
addressing. 



The field M 1 is used as a mask to test 
the condition code. The subsequent section 
describes how this mask is set up. 

The Conditi on Co de 

The condition code in the Program Status 
Word occupies 2 bits. Therefore, it can be 
used to represent ^our conditions: 00, 01, 
10, or 11. 

The corresponding masks reflecting these 
settings are: 



Condition Code 



Mask 



00 


8 


01 


4 


10 


2 


11 


1 



This means, for example, that a branch 
instruction to be performed on condition 8 
is executed if the condition code setting' 
is 00. Accordingly, a branch can be 
requested in a program if the condition 
code setting is either 1 or 11. The 
corresponding mask, in this case, would be 
U+1=5. 

Thus, the maximum value of a mask is 
8+4+2+1=15. Specifying a branch on condi- 
tion 15 means that the branch must be per- 



formed, whatever the condition code setting 
is. Such a branch is called unconditional. 
Masks can also be specified in hexadecimal 
notation. Figure 20 contains examples of 
branches testing the condition code. 

Examples : 



r 


T 1 ■ ' ■ 

|Name| Operation 
1 1 


Cod( 


—I ■ - 1 

3 1 Operand | 




1 1 




1 1 


1 1. 


ICALCISS 




19,10 1 




1 |BC 




|8,0UT 1 


12. 


|CMPR|CLI 




|FLDA,X'D0' 1 




1 |BC 




|2, BGN 1 


|3. 


ISUH |AP 




1 FLDA(10) ,FLDB (5) | 




1 |BC 




1 15,TABL(0,8) 1 






I 



Figure 20. Branches Testing the Condition 

Code 

E xpl anation : 

1. Fixed-point arithmetic instructions, 
like the above SR instruction, set the 
condition code to reflect the status of 
the result whether or not the result is 
equal to, less than, or greater than 0. 
The branch to the location OUT is 
executed if the result of the preceding 
mathematical operation is 0. Other- 
wise, the next sequential instruction 
in the program is processed. 

2. The CLI instruction causes the value 
stored at the location FLDA to be com- 
pared with the hexadecimal self- 
defining term DO. The branch is per- 
formed if the contents of FLDA are 
greater than DO. Otherwise, the next 
sequential instruction in the program 
is processed. 

3. Variable-length arithmetic instructions 
also set the condition code to reflect 
the status of the result (see paragraph 
1) . The subsequent branch instruction 
is unconditional, i.e., the program 
branches under any condition to the 
location represented by TABL+ (contents 
of register 8). 

Thus, the interpretation of the condi- 
tion code setting depends on the type of 
operation caused by the preceding instruc- 
tion. A summary of the relation of the 
situation to the condition code setting is 
given in Appendix E. 



Indexing with, RX Instructions 

The index field X2 of the instruction for- 
mat Op-Code R1,D2(X2,B2) must always be set 
to 0. The base register B2 in an RX 
instruction, however, can be used as index 
register, if (1) explicit addressing is 



o 



o 
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applied and (2) the D2 displacement is 
absolute. 



In Fiyure 14, the method of indexing 
with address constants has been demon- 
strated by a table look-up procedure. The 
table address was loaded into a register 
and successively updated, thus pointing to 
the subsequent table positions. The same 
effect is achieved when TABL is used as 
displacement D2 in an RX instruction and 
register R8 is used as B2 to increment 
TABL. 

For example, the table area of U80 bytes 
is set up in storage with the address TABL, 
as in Figure 14. '='ach entry in this area 
is also considered to have an implied 
length of four bytes. It is assumed that 
this table will be filled with successive 
entries of results computed during 
processing . 

To use TABL as a displacement in an RX 
instruction, it must be made absolute to 
retain the relocatability of the program. 
TABL must be equated with an abs olut e 
expression that re^'erences the location 
counter. 



o 



Exam£le: 

TABL EQU ♦-NULL 



NULL re^iresents the value of to avoid 
altering the address of TABL, assigned by 
the Basic Assembler program, when TABL is 
being defined. In addition, to make ♦-NULL 
an absolute expression, NULL must represent 
^ relocatable 0. This can be done as 
follows: 



START 
NULL EQU 



340 
♦ -340 



Here, the expression in the operand of 
the EQU statement becomes relocatable 
because it contains an odd number of relo- 
catable expressions. 

Adopting the above procedures, the pro- 
gram routine could be as shown in Figure 
21. 



SI FORMAT 

This format is used to load immediate data 
that are specified in the instruction into 
storage. 

In Basic Assembler language, such 
instructions are written as: 

Op-Code D1(B1),I2 in case of explicit 

addressing, and 



Op-Code SI, 12 



in case of implied 
addressing. 



^^0 



r ■ ' T — ■ 1 


' ■ — -• 1 


■ ~" 1 


1 Name 
1 


Operation 


Operand 


Comments 1 

1 


1 PBL1 


START 


340 


1 


INULL 


EQU 


♦ -140 


0=RELOCATABLE | 


|BGN 


BASR 


14,0 


LOAD BASE REGISTER | 


1 


USING 


♦ ,14 


ASSIGN BASE REGISTER 1 


1 


SR 


8,R 


INITIALIZE INDEX REGISTER! 


1 PRGM 

1 
1 


HVC 

1 
1 


XCS) ,Y 


START COMPUTATION | 


1 

1 
1 


1 

V 
STH 


10,TABL(0,8) 


RESULT INTO TABLE | 


1 


AH 


8,INCR 


INCREMENT INDEX REGISTER 1 


1 


CH 


8,LIKT 


TEST FOR TABLE END | 


1 


BC 


4, PRGM 


COMPUTE ANOTHER RESULT | 


1 

1 
1 


ED 

1 
1 


PRTA, MASK 


INITIATE PRINTOUT | 


1 

1 

1 TABL 


1 

V 
EQU 


♦-NULL 


TABL=ABSOLUTE | 


1 


DS 


120CL4 


DEFINE TABLE AREA | 


i PRTA 


DS 


120CL4 


DEFINE PRINT AREA | 


IX 


DS 


10H 


DEFINE AREA X 1 


1 Y 


DC 


K«00000175' 


DEFINE AREA Y | 


1 INCH 


DC 


H«4' 


DEFINE INCREMENT VALUE | 


1 LIMT 


DC 


H' 480* 


DEFINE TABLE LIMIT | 


1 


END 


PBL1 


1 



Figure 21. Sample Program Using TABL as Displacement 
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The field 12 represents the immediate 
data, which can be any single self -defining 
term with a maximum length of 8 bits. 

Examples : 

CLI JACK,C'6' 
TM MIND,X»40' 
MVI PARA,X'AF' 

Some of the input/output instructions 
the programmer uses to write his own I/O 
routines are also in the SI format. The 
field 12 in this case is designated UF and 
is used to specify the I/O unit and its 
function. 

Accordingly, these instructions are 
written as follows: 

Op-Code D1 (Bl) ,UF 

or 

Op-Code S1,UF 

The Set Program Status Word (SPSW) 
instruction causes the current program sta- 
tus word to be replaced by a new PSW stored 
at the position referenced in the operand 
of the SPSW instruction. Since the current 
PSW contains the address of the next 
sequential instruction to be processed, the 
SPSW instruction is equal to a branch 
instruction. 

In Basic Assembler language, this 
instruction is written as follows: 

Op-Code D1 (Bl) or Si 

Examp le : 

I 1 1 1 

I Name I Operation I Op<='rand I 

I 4 1. ^ 

I I SPSW INPSW I 

|NPSW|DC |X»niOO' I 

I IDC |Y(PEGN) I 

I 1 I I 

In this example, the new PSW contained 
in the field NPSW Is transferred to the 
internal location of the current PSW. The 
constant X'0100' replaces the leftmost 16 
bits and the address constant replaces the 
rightmost 16 bits of the U-byte PSW. Then 
the program branchp>s to the address speci- 
fied by bit positions 16 to 31 of the new 
PSW storage position BEGN. 

The termination of object program execu- 
tion is achieved by a Halt-and -Pro cee d 
(HPR) instruction. This instruction also 
belongs to the Sl-tyj^e formats and is writ- 
ten as shown in the following example: 



HPB X'999',0 

The operation code HPR is translated 
into the machine code 99 which is displayed 
in the UL register panels of the CPU. This 
code also appears in the UL. register panels 
in case of a programmed halt during execu- 
tion of an assembly. 

To indicate that the program has reached 
the HPR instruction (completion of object 
program execution), the address X*999' spe- 
cified in the first operand of this 
instruction is displayed in the STR regis- 
ter panels of the CPU. 

The second operand of the HPR instruc- 
tion is ignored and, though assembled, has 
no influence on the program. Normally, 
zero is specified as the second operand of 
the HPR instruction. It can be omitted, 
however, if the comma is written to satisfy 
syntax requirements. 



SS FORMAT 

This format is used to cause data flow from 
one area of storage to another. It 
requires specification of the field lengths 
for the data to be acted upon. 

With one exception, which is explained 
later, the SS instructions form two major 
groups. The first group includes instruc- 
tions that require specification of length 
codes for both operands. The second group 
requires a length specification for the 
first operand only. 

In Basic Assembler language, the first 
group of instructions is written as 
follows. 

Op-Code D1 (LI ,B1) ,D2 (L2,B2) when explicit 

addressing is 
used, or 



O 



■ 



o 



Op-Code SI (LI) ,S2 (L2) 



when implied 
addressing is 
used . 



LI and L2 in thf? above format designate 
the length fields. The operation codes 
belonging to this group are summarized in 

Figure 19. 

Examples : 

PACK AREA (9) ,INPT+5 (9) 
MVO 400 (10,8) , RES1 (13) 

The length code of an expression can be 
omitted if the length of a field is implied 
in its name. 



o 
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Example : 



o 



I Name | Operation | Operand 
I. 4 ^ 

I |CP |FLDA,FLDB 
|FLDA|DC |C»0000' 
|FLDB|DC IXLU'O* 



Field A and B each have the implied 
length of four bytps. An explicit length 
specification, therefore, is redundant. If 
a symbol with an implied field length is 
accompanied by an p>xplicit length code, the 
implied length is ri isrega rded . 

In explicit addressing, the length code 
becomes redundant if the length is implied 
in the symbol specified as the 
displacemen t . 

Example : 



I Name|Operation|Opprand 

I- h h 

I ICP I FLDA (2) , AREA (,8) 



I AREA I DC 



|CL2«0' 



The expression 5 in the first operand is 
evaluated as a length code and the expres- 
sion Sin the second operand is considered 
to be a base register, even though the two 
operands appear to specify the same items. 

The Execute Input/Output (XIO) instruc- 
tion is written as follows. 

Op-Code D1 (UF,B1) , D2(B2) when using ex- 
plicit address- 
ing, or 



Op-Code SI (UF) ,S2 



when using im- 
plied addressing, 



The length code in the first operand is 
replaced by the unit and functions 
specification. 

Example: 

XIO AREA (X'22') ,50 

This instruction causes 50 card columns 
to be read on the assigned card-reading 
device. The data is read into the storage 
location named AREA. For detailed explana- 
tions, refer to the section Input/Output 
Instructions. 



o 



o 



The fields 


enclosed in 


pare 


referred to as 


sub-fields . 




In 


example , the f 


irst sub-fie 


lid 


o 


operand was omitted because 


th^ 


ment AREA impl 


ies <-he leng 


th 


o 


Note that the 


comma separa 


ting 


fields must be 


specified in 


sp 


first sub-field having been 


om 


Otherwise, the 


expression 


in 


F 


assumed to be 


a length cod 


e 


ani 


cement AREA is 


considered 


an 


1 


address . 









ntheses are 

the above 
f the second 
e displace- 
f two bytes. 

the sub- 
ite of the 
itted. 

arentheses is 
d the displa- 
mplied 



The second grouD of SS instructions 
requires the length specification in the 
first operand only. The operation codes 
for this group are summarized in Figure 19. 

In Basic Assembler language, these 
instructions are written as follows: 

Op-Code D 1 (L,B1) ,D2 (82) when using ex- 
plicit addressing, 
or 



Op-Code SI (L) ,S2 



when using implied 
addressing. 



The length may be explicit or implied, 
but the comma separating the sub-fields in 
the first operand must be entered, even if 
the length code in an explicit address is 
omitted; 

E X ampl e : 

MVC FLDA (5) , WORK (8) 



TYPES OF MACHINE OPERATIONS 
There are 3 types of operations: 

1. Binary arithmetic operations. 

2. Decimal arithmetic operations. 

3. Non-arithmetic operations. 

These operations differ not only in 
their internal logic but also in the format 
of data, use of registers, and format of 
instructions. 

Some operations set a condition code in 
bits two and three of the Program Status 
Word (PSW) . This condition code indicates 
the relationship (less than/greater than, 
zero, negative, positive etc.) between the 
"two operands as a result of the last opera- 
tion effecting the condition code setting. 
For details about the PSW see the SRL pub- 
lication IBM System/360 Model 20 Functional 
Characteristi cs, Form A26-58U7. 

BINARY ARITHMETIC 

Binary arithmetic is used by binary 
instructions for operands like addresses, 
indexes, counters, and binary data. The 
length of each operand is one halfword 
including the sign. Negative numbers are. 
given in the twos-complement form. The 
first operand must be in one of the general 
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registers. The other operand may be either 
in a register or in main storage. For 
detailed information refer to the SRL pub- 
lication IBM SYsteni/360 Model 20 Functiona l 
Characteristics, Form A26-58U7. 



Data Format 

Binary numbers have a fixed length of one 
halfword=16 bits. The first (leftmost) bit 
contains the sign, the other 15 bits the 
binary value. Binary numbers may be stored 
in one of the general registers or in main 
storage. In main storage, the address of 
the left byte must be even. 



Binary halfword 



iSignlBinary Value 

1 I 



15 



R epres enta tion of Numbers 

Binary numbers are represented as signed 
integers. Positive numbers are represented 
in true form with a 0-bit as sign. Nega- 
tive numbers are in the twos-complement 
form with a 1-bit as sign. The twos- 
complement form is found by reversing each 
bit (0 to 1 and 1 to 0) and adding a 1 to 
the rightmost bit. 

A zero is always positive by definition. 
The absolute value of the lowest possible 
negative number is higher by one than the 
highest possible positive number. 

Highest possible positive number: 



10111111111111111 1=21 5-1 =+32767 



15 

Lowest possible negative number 



I 1000000000000000 1=- (215) =-32768 

I J 

15 



R1 indicates a general register contain- 
ing the first binary number and R2 a gener- 
al register containing the second binary 
number. R1 and R2 may refer to the same 
register. The result of an instruction in 
the RR-Format replaces the first operand. 



RX- Form at 



I 1 -I 1 r 

|Op-code |R1 |0000|B2 | 

I I I I L 



D2 



^»«««i^ 



I 







11 15 



19 20 



31 



R1 indicates a general register contain- 
ing the first operand. The address of the 
second operand, is indicated by the fields 
B2 and D2 in one of two ways. Either they 
give the address directly (0 < B2 < 3) or 
an effective address is formed by adding 
the contents of the register named in the 
B2-field (8 < B2 < 15) to the relative 
address given in the D2-field. 

The result of an operation in the RX- 
Format replaces the first operand. Excep- 
tion: After "Store Halfword" the result 
replaces the second operand. 



Conditi on Co de After Binary. Operati ons 



ICondition code 



1 

I Add register 
I Subtract register 
I Compare halfword* 
I Add halfword 
ISubtract halfword 



00 



■zero 

zero 

equal 

zero 

zero 



01 



10 



1 11 



<zero |>zer 
<zero I >zer 
low I hig 
<zero I >zer 
<zero I >zer 



o|- 
o| - 
h|- 
ol - 
o|- 
_j J 



^■••1^ 



♦first operand compared to second. 



Binary Ar ithme tic Error Con diti o ns 

Error conditions that may occur during the 
execution of binary operations are: 

1. Operation code invalid. 



Machine Formats of Instructions for Binary 

Binary operations are in the RR or 
RX- Format . 

RR-Format 



lOp-code |R1 |R2 | 
I I 1 J 

7 11 T'^ 



An instruction address or an 
operand address refers to the pro- 
tected first ^^U bytes of main 
storage (addresses to 113) . 
An instruction address or an 
operand address is outside avail- 
able storage. 

The last (highest) main-storage 
position contains any part of an 
instruction that is to be executed. 
The R1 or R2 fields of a binary 
instruction contain binary values 
through 7. 



o 
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3. Specification error: 

a. The low-order bit of an instruction 
address is one, i.e., no halfword 
boundary. 

b. The halfword second operand is not 
located on a halfword boundary. 

c. Bits 12 through 15 of an EX format 
instruction are not all zero, 

4. Binary overflow check. 

5. CPU parity error. 



INSTRUCTIONS FOE BINARY ARITHMETIC 



r ■ - ^ 

1 

1 Name 

1 


Op-code 


1 

Format 


1 

Mnemonic] 


1 Add Eegister 


1A 


RR 


AR 1 


1 Subtract Register 


IB 


ER 


SR 1 


1 Store Halfword 


1 40 


EX 


STK 1 


ILoad Halfword 


U8 


RX 


LH 1 


1 Compare Halfword 


49 


EX 


CH 1 


1 Add Halfword 


4 A 


EX 


AH 1 


1 Subtract Halfword 


4B 


RX 


SH 1 



E xample ; Assume register 8 contains hexa- 
decimal 0123 and register 9 contains hexa- 
decimal 0532. 

Source statement: 

Op-code El E2 



AE 



8,9 



From this source statement the Basic Assem- 
bler creates the following object code: 



Op-code 



El 



E2 



1A 



After execut ion register 8 contains hex- 
adecimal 0655. The condition code is 10. 



Subtract Eegister 

Format: EE Op-code IB 

Machine instruction: SE R1,R2 



o 



A dd Regis ter 



Format 



BE 



Op- code 1A 



Machine instruction: AR R1,R2 

Fu nction : The contents of the first 
operand field are added to the contents of 
the second operand field. The result is 
stored in the register specified by the 
first operand. Thp second operand remains 
unchanged. 



The 
algebra 
A sura c 
bits pi 
detail , 
bits of 
result 
in a ca 
tion an 
tion or 
the add 
of the 
take pi 



sign 
. A 
onsi 
us t 
thi 
bot 
is c 
rry 
d th 

in 
itio 
two 
ace . 



is determi 
zero resul 
sting of mo 
he sign cau 
s is what h 
h operands 
orrect if t 
out of both 
e high orde 
no carry at 
n causes a 
positions a 



ned by the rules of 
t is always positive, 
re than 15 numeric 
ses an overflow. In 
appens: First all 16 
are added. The 
he addition results 

the sign-bit posi- 
r numeric-bit posi- 

all. However, if 
carry out of only one 

binary overflow will 






Note: An overflow will change the sign of 
the result. 

Con di t ion_Code : 

00 Result=zero 

01 Result<zero 
10 Result>zero 



Func tion : The contents of the second 
operand field are subtracted from the con- 
tents of the first operand field. The 
result will be in the register specified by 
R1. Both operands and the result consist 
of 15 numeric bits plus the sign. The 
second operand remains unchanged. 

The subtraction is performed by adding 
the twos-complement of the second operand 
to the first operand. All 16 bits of both 
operands are added. If this results in a 
carry out of both the sign-bit position and 
the high order numeric-bit position or in 
no carry at all, then the result is 
correct. If there is, however, a carry out 
of only one of the two positions a binary 
overflow will occur. 

A register may be cleared to zero by 
subtraction from itself. 

There is no twos-complement for the 
highest negative number. This number 
remains unchanged when a complementation is 
performed. Nonetheless, the subtraction is 
still executed correctly. 

Condit ion_Cod e : 

00 Result "zers 

01 Result<zero 
10 Result>zero 

Examjile: Assume register contains hexa- 
decimal 047F and register 9 contains hexa- 
decimal 00D7. 



Machine-Instruction Statements 51 



Source statement: 

Op- code R1 R'2 

SR 8,13 

From this source statement the Basic Assem- 
bler creates the following object code: 



|0p-code|R1 |R2| 
I- — h— +— H 



I i: 



|8 ID I 



After execution register 8 contains hex 
adecimal 03A8. The condition code is 10. 



St ore Ha lfword 

Format: RX Op-code 40 

Machine instruction: STH R1,D2(0,B2) 

Function: The contents of the register 
specified by R1 are stored in the halfword 
at the main-storage location addressed by 
32 and D2. The first operand remains 
unchanged. 

Cond ition Code : No change. 

Example: Assume register 9 contains hexa- 
decimal 68AF, register 11 contains hexadec- 
imal 001E, and the displacement in the 
second operand is hexadecimal 29E (decimal 
670) . 

Source statement: 

Op-code R1 D2 X2=0 B2 



STH 



9,670 (0,11) 



From this source statement the Basic Assem- 
bler creates the following object code: 



, 1 1 1 J , 

|0p-codelR1 |X2^0| B2| D2 1 
I + 1 1 1 , 

I 40 19 I IB |29E| 

! L_ I I I I 

After execution the field starting at 
storage location hexadecimal 2BC (decimal 
700) contains 68AF. 



L oad Ha lfword 

Format: RX Op-code 48 

Machine instruction: I.H E1,D2(0,B2) 

Function: The halfword at the main storage 
location addressed by B2 and D2 is placed 
into the 16 bit positions of the register 



specified by R1. The second operand 
remains unchanged. 



Condition Code : No change. 

Exam pie : Assume register 9 contains hexa- 
decimal AAAA, register 12 contains 0032, 
the displacement in the second operand is 
1F4 (decimal 500) , and the field starting 
at storage lacation hexadecimal 226 (deci- 
mal 550) contains 80AF. 

Source statement: 

Op-code R1 D2 X2=0 B2 



O 



I 



L4i 



9,500(0,12) 



From this source statement the Basic Assem- 
bler creates the following object code: 

I 1 1 r r 1 

|Op-code| R1|X2=0| B2| D2 | 

I h 1 1 -I 1 



48 



|9 



|C I 1F4 



After execution register 9 contains hex- 
adecimal 80AF. 



Compare Halfword 



Format: RX Op-code 



49 



o 



Machine instruction: CH R1,D2(0,B2) 

Function: The 16 bits of the register spe- 
cified by R1 are compared with the halfword 
at the main storage location addressed by 
B2 and D2. The comparison is algebraic, 
i.e., the signs must be taken into consi- 
deration. Both operands remain unchanged. 
A condition code is set. 

C onditi on Code : 

00 First opera nd=second operand 

01 First operand<second operand 
10 First operand>second operand 



E xamp le: Assume register 9 contains hexa- 
decimal 0001, the displacement in the 
second operand is hexadecimal 690 (decimal 
1680), and register 13 contains hexadecimal 
0026, and the halfword at storage location 
hexadecimal 6B6 is AF99. 

Source statement: 

Op-code R1 D2 X2=0 B2 



CH 



9,1680(0,13) 



From this source statement the Basic Assem- 
bler creates the following object code: 
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o 



1 r 1 1 1 1 

|0p-code|R1 |X2=0|B2|D2 | 

i- 1 1 1 + -f 



49 



|9 
-I 







D I690| 
1 J 



After comparison the resulting condition 
code setting will be: 10, 



Machine instruction: SH R1,D2(0,B2) 

Function: This instruction is identical to 
the Add Halfword instruction with the fol- 
lowing exception: The twos-complement of 
the second operand, addressed by B2 and D2, 
is added in place of the true value. 

Condition Code: 



Add Halfword 



Format 



RX 



Op-code UA 



Machine instruction 



AH 



R1,D2 (0,B2) 



C J 



Function: The halfword in main storage, 
addressed by B2 and D2, is added to the 16 
bits of the register specified by R1. The 
sign is determined by the rules of algebra. 
A zero result is positive by definition. 

If the resulting sum is larger than 15 
bits plus the sign, an overflow occurs. 
All 16 bits of both operands are added. If 
there is a carry out of both the sign-bit 
position and the high-order numeric bit 
position or if there is no carry at all, 
the result is correct. A binary overflow 
will occur if there is a carry out of only 
one position. A condition code is set. 

C ondit ion C ode : 

00 Result=zero 

01 Result<zero 
10 Result>zero 

Example: Assume register 9 contains hexa- 
decimal 0U7F, register 11 contains hexadec- 
imal 0028, the displacement in the second 
operand is 1EA (decimal 490) , and the field 
at storage location hexadecimal 212 (530) 
contains hexadecimal 1F29. 

Source statement: 

Op-code R1 D2 X2=0 B2 



AH 



9, 490 (0, 11) 



From this source statement the Basic Assem- 
bler creates the following object code: 

1 1 1 i 1 1 

|0p-code|R1 |X2=01B2|D2 | 

I- 1 1 1 h -f 



4A 



I 9 I I B I 1EA| 






After execution register 9 contains hex- 
adecimal 23A8 and the condition code is 10. 



Subtract Ha lfword 

Format: RX Op-code 4B 



00 Result=zero 

01 Result<zerD 
10 Result>zero 

Ex ampl e : Assume register 9 contains hexa- 
decimal 047F, register 11 contains hexadec- 
imal 0050, the displacement in the second 
operand is hexadecimal 320 (decimal 800) , 
and the field starting at storage location 
hexadecimal 370 (decimal 880) contains hex- 
adecimal 00D7. 

Source statement : 

Op-code R1 D2 X2=0 B2 



SH 



9,800 (0, 11) 



From this source statement the Basic Assem- 
bler creates the following object code: 



I 1 1 1— — I 1 

|Op-code| R1 I X2=0 |B2|D2 | 
I !-_+ 1.__^. ^ 

I 4B I 9 I IB I 3201 

I L_J I I I 

After execution register 9 contains hexa- 
decimal 03A8 and the condition code is 10. 



DECIMAL ARITHMETIC 

Decimal arithmetic can be performed only 
with data in packed format. Packed format 
means that there are two digits in one byte 
except for the low order byte. It contains 
one digit and the sign. 

Data is transferred to and from the 
external I/O devices in zoned format. 
Thus, the data has to be packed and 
unpacked before and after processing re- 
spectively. In zoned format, each byte 
contains a zone in the left halfbyte and a 
digit in the right halfbyte except the last 
one which contains the sign and a digit. 
The address in an instruction always speci- 
fies the left-most byte of the operand. 
The length field in an assembled instruc- 
tion indicates how many bytes are part of 
the operand in addition to the addressed 
(left) byte. 

Data Format 

Decimal operations are performed in main 
storage. The operands have a length from 
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1-16 bytes. A field may start at any 
address including an odd one. In zoned 
format there may be a maximum of 16 digits, 
in the packed format a maximum of 31 digits 
plus the sign in a field. The two operands 
may be of different length. Multiplicand 
and divisor are restricted to a maximum of 
15 digits plus the sign. 



The values in the operand fields are 
assumed to be right aligned, with leading 
zeros where required. The operands are 
processed as integers from right to left. 
If a result extends beyond the field indi- 
cated by the address and the length field, 
the extending (high order) part is ignored 
and the condition code is set to 11. 

Fields specifier! in a decimal-arithmetic 
instruction may overlap only if the right- 
most bytes coincide. Exception: with the 
ZAP instruction an overlap to the right is 
permissable. 



Representati on of Number s 

Decimal numbers consist of binary coded 
digits and a sign. The decimal digits 0-9 
are represented in the four bit code by the 
bit combinations 0000-1001. The combina- 
tions 1010-1 1 1 1 are reserved for represen- 
tations of a sign (+,-). 1011 and 1101 
represent a minus, the other four combina- 
tions a plus. The representations 1100, 
1101, 1010, and 1011 are created during 
calculations in main storage. Negative 
numbers are represented in true form. The 
two decimal formats are: 

Packed decimal number 

1 1 1 1 

1 Byte I Byte | Byte | 

I I I I I I I 
I DigitI Digit I Digit| Digit | Digit |Sign | 
1 1 I I I I I 



Zoned decimal number 



Rvte 



I I I 1 I I I 

jZone IDigitlZone 1Digit|Sign |Digit| 

I 1 1 I J I J 



Machine Form ats of Instructions for Deci mal 
Arithmeti c 

Decimal operations have the SS format: 



SS-Format 



1 -T"- 1 1 "T 

|Op-code|Ll |L2 |B1 | 
1 1 1 1 1 


D1 


|B2 1 
1 1 


D2 1 

1 







11 15 19 



31 35 



47 



The fields B1 and D1 give the main- 
storage address of the left byte of the 
first operand field; LI gives its length. 
In the Basic Assembler created object code, 
the number of bytes in a field is equal to 
the length code minus one. 

The instruction fields B2, D2, and L2 
give the respective information for the 
second operand. 

The address of the leftmost byte is 
found by adding the contents of the regis- 
ter specified in the B-field and the con- 
tents of the D-field. 

The result of a decimal operation 
replaces the first operand. It cannot 
occupy more storage area than indicated in 
the B,D, and L fields. The second operand 
remains unchanged. Exception: overlapping 
fields. 

The general registers are not affected 
by decimal operations. 

Con dition Code after Decimal Operation s 

The results of the decimal operations 
listed in the table below set a condition 
code . 



I ZAP 
|CP* 
|AP 
|SP 



00 



01 



I 10 I 11 I 

zero I <zero | >zero | - | 

equal | low | high | - | 

zero I <zero | >zero | overflow | 

zero I <zero | >zero j overflow j 



ifVi r ct- nryar ptn A /— r»innai 



All Other decimal operations leave the 
condition code unchanged. 



O 



I 



( 






o 
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Decima l Ar i thmetic Error.. Condition s 

The following error conditions may occur 
during the execution of decimal arithmetic 
operations: 



1. Operation code invalid. 



INSTRUCTIONS FOR DECIMAL ARITHMETIC 



Addressing error: 



An instruction address or an 
operand address refers to the pro- 
tected first 144 bytes of main 
storage. 

An instruction address or an 
operand address is outside avail- 
able storage. 

An instruction occupies the last 
two (highest) main-storage 
positions. 



Specification error: 



a. 



b. 



c. 



The 

addr 

boun 

For 

Add 

inst 

grea 

For 

Deci 

code 

er t 

LI. 



low-order bit of an instruction 
ess is one, i.e., no halfword 
dary . 

Zero and Add, Compare Decimal, 
Decimal, and Subtract Decimal 
ructions the length code L2 is 
ter than the length code LI. 
Multiply Decimal and Divide 
mal instructions, the length 

L2 is greater than 7 or great- 
han or equal to the length code 



Data error: 



A sign or digit code of an operand 
in the Zero and Add, Compare Deci- 
mal, Add Decimal, Subtract Decimal, 
Multiply Decimal, or Divide Decimal 
instruction is incorrect, or the 
operand fields in these instruc- 
tions overlap incorrectly. 
The first operand in a Multiply 
Decimal instruction has insuffi- 
cient high-order zeros. 



Decimal divide check: 

The resultant quotient in a Divide Dec- 
imal instruction exceeds the specified 
data field instruction (including divi- 
sion by zero) or the dividend has no 
leading zero. 



CPU parity error. 



1 — I 


■ 1 


1 


1 Name 


Op-code| Format 


Mnemonic 1 


1 


1 




L J 


r 






1 


IMove with Offs €t 


F1 


1 SS 


MVO 1 


IPack 


F2 


1 ss 


PACK 1 


1 Unpack 


F3 


1 ss 


UNPK 1 


1 Zero and Add 


F8 


1 ss 


ZAP 1 


1 Compare Decimal 


F9 


1 ss 


CP 1 


1 Add Decimal 


FA 


1 ss 


AP 1 


1 Subtract Decimal 


FB 


1 ss 


SP 1 


1 Multiply Decimal 


FC 


1 ss 


MP 1 


1 Divide Decimal 


FD 


1 ss 


DP 1 



Move wit h Of fset 

Format: SS Op-code F1 

Machine instruction: 

MVO D1 (L1,B1) ,D2 (L2,B2) 



Function 



The contents of the 



operand field are moved to the 
specified by the first operand, 
is executed with an offset of h 
(one digit) to the left. The r 
byte of the first operand remai 
unchanged. There is no check f 
The fields need not have equal 
Leading zeros are inserted if t 
operand is longer than the seco 
second operand is longer than t 
the high-order digits of the se 
are ignored. 



second 
location 

The move 
alf a byte 
ight half- 
ns 

or validity, 
lengths . 
he first 
nd. If the 
he first, 
cond operand 



The move proceeds from right to left one 
byte at a time. The second operand may 
overlap the first excluding the rightmost 
byte of the first operand. 

Condition , Code: No change. 

Ex ample : Assume register 12 contains hexa- 
decimal 0250, register 15 contains hexadec- 
imal 040F, the displacement given in both 
operands is zero, storage location hexadec- 
imal 40F contains hexadecimal 123U55, and 
storage location hexadecimal 250 contains 
hexadecimal 77 88 99 OC. 

Source statement: 

Op-code D1 LI B1D2 L2 B2 



MVO 



0(4,12) ,0(3,15) 



From this source statement the Basic Assem- 
bler produces the following object code: 



|0p-code|L1|L2|B1 I D1 |B2|D2 | 



I 

I F1 



+ \—{ h 



H h 



-\ 



|3 |2 \C |000|F |000| 
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After execution the field at location 
hexadecimal 250-253 contains hexadecimal 01 
23 45 6C, 



Pack 

Format: SS Op-code F2 

Machine instruction: 

PACK D1 (L1,B1) ,D2 (L2,B2) 

Function: The unpacked content of the 
second operand field is packed and placed 
into the first operand field. The second 
operand field must contain an unpacked dec- 
imal number. It may have a maximum size of 
16 bytes. There is no check for validity 
of digits and sign. 

The lengths of the fields need not be 
equal. Leading zeros are inserted if the 
first operand field is too long for the 
result. The high-order digits of the 
second operand are ignored if the first 
operand field is too short for the result. 
The fields are processed from right to left 
one byte at a time. 

Condition Code: No change. 

Example: Assume register 11 contains hexa- 
decimal OUUA, register 9 contains hexadeci- 
mal 02CO, the displacement in the first 
operand is hexadecimal 2'4U, in the second 
operand it is hexadecimal 180, and that 
storage location hexadecimal 440-U4U con- 
tains hexadecimal ^^1 F2 F3 F4 C5. 

Source statement: 

Op-code D1 LI B1 D2 L2 B2 



PACK 580 (U, 11) ,^8U (5,9) 



field. The second operand field must con- 
tain a packed decimal number. Sign and 
digits are not checked for validity. 

After processing, the zoned decimal 
number in the first operand contains the 
sign (high-order four bits) and one digit 
in the rightmost byte. Each of the other 
bytes contains a zone and a digit. 

The fields are processed from right to 
left. If the first operand field is too 
long it is filled with leading zeros. If 
the first operand field is too short to 
contain all the digits of the second 
operand, the leading digits are ignored. 
The operands may overlap but you must exer 
cise caution. 



Cond iti on Code: No change. 

Exam ple : Assume register 10 contains hexa- 
decimal OFAO, the displacement in the first 
operand is hexadecimal FB4, that in the 
second operand is hexadecimal 65, and loca- 
tion hexadecimal 1001-1007 contains hexa- 
decimal 01 23 U5 6D. 

Source statement: 

Op-code D1 LI B1 D2 L2 B2 









UNPK 4020(5,10) ,100 (4,10) 



From this source statement the Basic Assem- 
bler produces the following object code: 



o 



|0p-code|Ll|L2| B1 I D1 IB2|D2| 
I 1 1 1 1 h—- 1 1 



F3 



I 4 I 3 I A I FB4 I A | 65| 



From this source statement the Basic Assem- 
bler produces the ^'ollowing object code: 



After execution location hexadecimal 1 FS4- 
1F58 contains F2 F3 F4 F5 D6 . 



I 1 1 T 1 1 1 1 

|0p-code|L1 |L2|B1 |D1 |B2lD2 | 
|. 1 1 1 1 ^ + ^ 



F2 



13 I 4 I B I ?44| 9 I 1801 
-J 1 1 J I I 



After execution the field at storage loca- 
tion hexadecimal 6PE contains 00 12 34 5C. 



Unp^cJS 
Format: 



SS 



Op-code F3 



Machine instruction: 

UNPK D1 (L 1,B1) ,D2 (L2,B2) 

Function: The packed contents of the 
second operand field are changed to zoned 
format and stored in the first operand 



Zero and Add Packed 



Format : 



Op-code 



F8 



nai^wiue 1 ui> LL uci. iun ; 

ZAP D1 (L1,B1) , D2 (L2, B2) 

Func ti on : The first operand field is 
zeroed out and the contents of the second 
operand field are placed into the first 
operand field. This operation is equiva- 
lent to an addition into a zero -field. The 
second operand must be in packed format. 

A zero result is positive by (k?finition. 
The second operand may be shorter th.m the 
first operand. If the second operand is 
longer, then a machine stop occurs and the 
instruction is not executed. 



o 
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o 



Processing proceeds from right to left. 
All digits and the sign of the second 
operand are checked for validity. High 
order zeros are supplied if needed. The 
fields may overlap if the rightmost byte of 
the first operand is coincident with, or to 
the right of, the rightmost byte of the 
second operand. 

Condition, Code : 

00 Result=zero 

1 Result<zero 
10 Result>zero 

Example; Assume register 10 contains hexa- 
decimal 01F4, the displacement in the first 
operand is hexadecimal 29U, that in the 
second operand is hexadecimal 37A, and 
storage location hexadecimal 56E contains 

01 23 UD. 

Source statement: 

Op-code D1 LI B1 D2 L2 B2 



ZAP 



660 (U, 10) ,P90(3,10) 






From this source statement the Basic Assem- 
bler produces the ■following object code: 

1 1 1 1 1 1 n 1 

I Op-code I LI 1L2 I B1 I PI |B2|D2 | 
1 j. ) j 1 ). 1 , 

1 F8 I 3 |2 |A I294IA | 37A | 

I I 1 I I : L__J I 

After execution location U87-48A contains 
00 01 23 4D. 



The contents of both operand fields do 
not change. An overflow cannot occur. The 
two fields may overlap if the rightmost 
bytes coincide. Therefore, it is possible 
to compare a number to itself. 

Note the difference between "Compare 
Decimal Packed" and "Compare Logical Char- 
acters" (CLC) . 

CP: comparison proceeds from right to 
left, the sign, zero, and invalid charac- 
ters are considered, and fields of unequal 
length are extended. 

CLC: Comparison proceeds from left to 
right, the sign and invalid characters are 
not considered. 

Condition Code : 

00 First operand=second operand 

01 First operand<second operand 
10 First operand>second operand 

Example: Assume register 12 contains hexa- 
decimal 0040, register 11 contains hexadec- 
imal 02F0, the displacement in the first 
operand is hexadecimal 640, that in the 
second operand is hexadecimal 3E8, location 
hexadecimal 680-682 contains 01000C, and 
location 6D8-6D9 contains 99 99C. 

Source statement: 

Op-code D1 LI B1 D2 L2 B2 



CP 



1600(3, 12) ,1000 (2,11) 



From this source statement the Basic Assem- 
bler produces the following object code: 



^L|jP 



Compare Dec imal Packe d 

Format: SS Op-code F9 

Machine instruction: 

CP D1 (LI ,B1) ,D2 (L2,B2) 

Function: The contents of the first 
operand field are compared to the contents 
of the second operand field and the result 
is indicated by a new condition code. 

The comparison proceeds from right to 
left and is algebraic, i.e. the sign and 
all digits are compared one byte at a time. 
(Negative values are smaller than positive 
values) . 

A negative zero is equal to a positive 
zero. The sign and all digits are checked 
for validity. A halt occurs if the second 
operand field is longer than the first 
operand field and the instruction is not 
executed. If the second operand field is 
shorter it is extended with leading zeros. 



I 1 1 1 r r r 1 

|Op-code| L1|L2| B1 I D1 |B2|D2 1 
I 1 1 1 1 j 1- , 

I F9 12 |1 |C |640|B | 3Ee | 

I L I I I I I J 



After compariso r the condition code is 10. 



Add Decimal Packed 

Format: SS Op-code FA 

Machine instruction: 

AP D1 {L1,B1) ,D2 (L2,B2) 

Functi on : The contents of the second 
operand field are added to the contents of 
the first operand field. The result 
replaces the first operand. 

The sign is determined by the rules of 
algebra. A zero result is positive by 
definition. Exception: It is possible 
that a remaining zero result after an over- 
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flow has a negative sign. A condition code 
is set. 

If the second operand field is longer 
than the first a program error halt occurs 
and the instruction is not executed. If 
the second operand field is shorter than 
the first it is expanded with leading zeros 
and addition will take place normally. . 
Signs and digits are checked for validity. 
Addition proceeds -Prom right to left. The 
result is in packer^ format. 

The two fields may overlap if the right- 
most bytes coincide. Thus, it is possible 
to double a number. 

Condition Code: 

00 Besult=zero 

1 ■ Result<zero 

1 Result>zero , 

11 Overflow 

Exa mp le : Assume register 8 contains hexa- 
decimal 0014 storage location 329 (hexadec- 
imal) conta:ins 00 ?2 2D, storage location 
500 (hexadecimal) contains 01 00 OC, the 
displacement in the first operand is 3 15 
(hexadecimal), and that in the second 
operand is UEC (hexadecimal) . 

Source statement: 

Op-code D1 LI B1 D2 L2B2 



,AP 



789 (3,8) ,1^60 (3,8) 



From this source statement the Basic Assem 
bier produces the following object code: 



|0p-code|L1 |L2|B1 |D1 |B2|D2 | 
h H— I — -I 1-— +—+—-! 



I FA 



12 |2 |8 111518 |UEC| 
-I — I J «— J I J 



After execution storage location 329 (hexa- 
decimal) contains OQ 77 8C. 



Subtract Decimal Packed 



If the second operand. field is longer 
than the first a program error halt occurs 
and the instruction is not executed. If 
the second operand field is shorter it is 
expanded with zeros and subtraction will 
take place normally. 

All digits and the signs are checked for 
validity. The operation proceeds from 
right to left by reversing the sign of the 
second operand and then adding the second 
operand to the first. The result is in 
packed format. 

The fields may overlap if the rightmost 
bytes coincide. Thus it is possible to 
clear a field to zero. 

Condition Code: 



^i)t0ir 



00 
01 
10 
IT 



Result=zero 
Result<zer6 
Result>zero 
Overflow 



E xampl e: Assume register 9 contains (hexa- 
decimal) 00C8 , register 8 contains (hexa- 
decimal) 012C, storage location 898 (hexa- 
decimal) contains 012C, storage location 
CEU (hexadecimal) contains 008C, the dis- 
placement in the first operand is 7D0 (hex- 
adecimal) , and that in the second operand 
is BB8 (hexadecimal) . 

Source statement: 

Op-code ■ D1 Li' B1 D2 L2 B2 



o 



SP 



2000(2,9) ,3000 (2,8) 



From this source statement the Basic Assem- 
bler produces the following object code: 



I Op-code| LI |L2|B1 I D1 rB2|D2 | 

|_ 1. 1— +—- (. -I- 1~ — ^ 

I FB I 1 I 1 I 9 I 7D0| 8 I BB8| 
I I J 1. I I J I 

After execution storage location 898 (hexa- 
decimal) contains OOAO. The condition code 
is 10. 



Format 



Op -code FB 



Machine instruction : 

SP D1 (L1,B1) ,D2 (L2,B2) 

F unct ion : The contents of the second 
operand field are subtracted from the con- 
tents of the first operand field. The 
result is placed into the first operand 
field. The sign is determined by the rule: 
of algebra. A zero result is positive by 
definition. Exception: A zero result 
remaining in case of an overflow may pos- 
sibly have a minus sign. 



Multiply Decimal Packed 

Format: US Op -code FC 

Machine instruction: 

MP D1 (LI ,B1) ,D2 {L2,B2) 

Function: The mult iplicancJ in the first 
operand field is multiplied by the multip- 
lier in the second operand field. The [iro- 
duct is placed into the first operand 
field. The second operand may have a m<ixi 
mum of 15 digits (L2-7) plus the sign <ind 



o 
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must be shorter than the first operand. If 
L2 > 7 or L2 > LI a program error halt 
occurs and the instruction is not executed. 

The length of the product is equal to 
the sum of the lenrrths of multiplier and 
multiplicand. Therefore the multiplicand 
must be expanded with leading zeros by the 
number of bytes of the multiplier. Other- 
wise a halt occurs. An overflow is not 
possible. The product may have a maximum 
length of 30 digits plus the sign. It con- 
tains at least one leading zero. 

The factors and the result are consi- 
dered to be signed integers. The sign is 
determined by the rules of algebra. The 
operand fields may overlap if their right- 
most bytes coincide. Thus, it is possible 
to square a number. 

l2ie: You can save computing time by using 
the larger of the two factors as the second 
operand. 

Co ndi tion Code : No change. 

Exa mpl e: 

1. Multiplicand x multiplier = product 

MAND X MOR = PROD 

2. Length MAND + length MOR = length PROD 

3. The MAND must be right-aligned and have 
leading zeros before the multiplication 
is executed. 



1 Name 
1 


Operat 


ion 


Operand 


1 


• 








ZAP 




PROD, MAND 




HP 




PROD, MOR 


1 MOR 


DS 




CL3 


1 MAND 


DS 




CL2 


1 PROD 


DS 

• 




CL5 



from the address value of the implicit 
address) . 

Source statement: 

Op-code D1 LI B1 D2 L2 B2 



ZAP PROD, MAND 

Basic Assembler produced object code: 

I — I 1 1 J J 1 1 

|Op-code| LI |L2|B1 |D1 |B2|D2 | 
|. 1 1 ^ 1- ^ 1 ^ 

I F8 I U I 1 |C I B03|C 1 B01 | 
I ' ' ' I I I I 

and 

Op-code D1 LI B1 D2 L2 B2 



MP 



PROD, MOR 



I 1 r 1 T r r 1 

|0p-code|L1|L2|Bl| D1 |B2|D2 | 

I 1- — I 1 1 1 1 H 

I FC |U |2 \C |B03|C |AFE| 
I I I I I I I I 

The result of the two instructions is shown 
in Figure 22. 



MOR 



|37|21 |9D| 
I I I J 



I I I 

MAND I U2| 5C| 

I I I 

PROD before multiplication] 

I I I I I I 
I 001 001 00| 421 5C1 
I I I I I I 

PROD after multiplication 

i I I II I 
I Oil 58| 18| 07| 5D| 
I I I I 1 I 

No t e : Maximum length of 
product is 16 bytes; maximum 
length of MOR is 8 bytes. 



o 



Assume the Basic Assembler has allocated 
storage location (hexadecimal) 1C92 to sta- 
tement MOR. Then, MAND has location 1C95 
amd PROD has location 1C97. Further assume 
that the storage locations implicitly 
addressed by MOR and MAND contain 37219D 
and U25C respectivply and register 12 con- 
tains (hexadecimal) 119U. (The Basic 
Assembler automatically calculates the dis- 
placement shown in the object coding by 
subtracting tho contents of register 12 



Figure 22. Decimal Multiplication 

piyi de De cimal _ Packed 

Format: SS Op-code FD 

Machine instruction: 

DP D1 (LI, 81) ,D2 (L2,B2) 
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Function: The dividend in the first 
operand field is divided by the divisor in 
the second operand field. The quotient and 
the remainder are placed into the first 
operand field. 

The quotient occupies the left part of 
the first operand, i.e. the address of the 
quotient is the same as the address of the 
dividend. The remainder occupies the right 
part of the first operand and has a length 
equal to that of the divisor. 

The quotient anr' the remainder together 
occupy the entire 'dividend field (first 
operand) . This means the dividend field 
must be large enouah to accomodate a divi- 
sor of maximum lenath and a quotient of 
maximum length. In the extreme case the 
dividend field has to be expanded with 
zeros to the left by the number of bytes of 
the divisor. 

The length of the quotient field (in 
bytes) is L1-L2. The divisor , field may 
have a maximum of 15 digits plus the sign 
and must be smaller than the dividend 
field. 

If L2 > 7 or L2 > LI a halt occurs and 
the operation is not executed. The divi- 
dend must have at least one leading zero or 
a halt occurs and the operation is not 
executed. 

Dividend, divisor, quotient, and 
remainder are signed integers. The sign is 
determined according to the rules of alge- 
bra from the signs of dividend and divisor. 
The sign of the remainder is always ident- 
ical to the sign o^ the dividend. This 
also holds true if the quotient or the 
remainder are zero. 

If the quotient contains more than 29 
digits plus the sign, or if the dividend 
has no leading zero, then a halt occurs and 
the operation is not executed. The divisor 
and the dividend remain unchanged and there 
is no overflow. The two operands may over- 
lap if their rightmost bytes coincide. 



Con di tion code; No change* 
Example: 



3. The dividend must be right- aligned with 
at least one leading zero before the 
division is performed. 



1 



Dividend 
DEND 



Divisor = Quotient 

DO^ = QUOT 



Length of processing field = length 
QUOT + length DOR 

maximum length of processing field 
(PROFE) = length DEND ♦length DOR 
(packed bytes) . 



O 



1 Name 


1 Operation 
1 


Operand 


1 
1 




1 
1 ' 








1 

1 ZAP 
1 DP ■ 
1 . 


PROFE, DEND 
PROFE, DOR 




IDEND 
|DOR 
1 PROFE 


1 . 

1 DS 
1 DS 
1 DS 
1 . 

1 


CLU 
CL2 
CL5 





Assume the Basic Assembler has allocated 
storage locations as follows: DEND hexa- 
decimal A09, PROFE hexadecimal FW, and DQR 
hexadecimal CAC. Register 9 contains hexa- 
decimal OUOO. The Basic Assembler automat- 
ically calculates the displacements for the 
two operands by subtracting the contents of 
register 9 from the respective storage 
address values. The source and object cod- 
ings for the ZAP and DP are: 

Source statement: 

Op-code D1 LI 31 D2 L2 82 . 

ZAP PROFE, DEND 

Basic assembler produced object code: 

I 1 1 T T 1 T 1 

|Op-code| LI |L2 |B1 |D1 1B2|D2 | 

I ^ h— +--+ h +~4— ^ 

I F8 I ^4 I 3 I 9 I 7581 9 | 609 | 
I J I J 1 1 — ^j J 

and 

Source statement : 

Op-code D1 LI B1 •D2 L2 B2 

DP PROFE, DOR . ' 

Basic Assembler produced object code:. 



o 



|0p-code|L1|L2|B1|D1 |B2|D2 | 

I FD |4 |1 |9 |758|9 |8AC| 
I I I ^^j J I I ; — J 

The results of the two instructions are 
shown in Figure 23. 



^k^tm^ 
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^jp'i^k 



II I I I 

DEND I 27| 95| 3U| 3C| 
I I I I I 

I I I I I I 

PROFE I OOj 2719'^| 34| 3C 1 

I I I I I I 



DOE 



I I I 
|21|3C| 
I „j I 



Quotient : 

I I I I I I 

PROFE 1 13| 12; 3CI lai 4CI 

I I I I I ' 

Quotient and remainder each 
have their own siqn. 
Note: Maximum length of 
quotient is 16 bytes; maxi- 
mum length of DOR is 8 
bytes. 



Icharacter | 



Figure 23. Decimal Division 



Variable Length 

I 1 r 

I characterl character I 
I I J . 

7 8 15 



In storage-to-storage (SS) operations, 
the fields may start at any address with 
exception of the first 141 bytes, which are 
reserved. The maximum length of a field is 
256 bytes. Immediate data is limited to a 
length of one byte. 

The EDIT operation only handles data of 
packed format. The other instructions 
handle all bit combinations. 

Storage-tD-storage instructions may have 
overlapping operands. The result of over- 
lapping depends on the particular opera- 
tion. Overlapping does not influence the 
operation if the operands remain unchanged 
(e.g. in a comparison) . If one or both 
change, however, execution of the operation 
may be influenced by the overlapping and by 
the manner in w hich the data are rounded 
off and stored. 






NON-ARITHMETIC OPERATIONS 

There are special instructions for the non- 
arithmetic processing of data. The 
operands are processed one byte at a time. 
In some cases the left four bits and the 
right four bits of a byte are treated 
separately. 

Processing of data fields in main 
storage proceeds from left to right. A 
field may start at any address excluding 
the reserved areas. 

In non-arithmetic operations the operand 
fields are considered to contain alphameric 
data. An exception is the Edit-instruction 
which requires packed decimal numbers in 
the second operand field. 

Dgta_Forniat 

The data are either in main storage or in 
the instruction itself. They may be a 
single character or an entire field. If 
two operands are u?:ed they must be of equal 
length. Exception: the Edit-instructipn . 
The two formats for non-arithmetic data 
are : 



M achine Form ats _qf Instruct ions for 
Non- Arithmetic Opera tions 

Non-arithmetic instructions are either in 
the SI- or the SS-format. 



SI-Format 



I Op-code I 12 jBI I D1 

I I '. I I : 







7 



15 19 



31 



The address of the first operand field 
is the sum of the contents of the Dl-and 
Dl-fields. The operand has a length of one 
byte. The second operand also has a length 
of one byte but it is contained directly in 
the instruction. The result is placed into 
the first operand field. The general 
registers are not affected by an 
Sl-instruction. 

SS-Format 



I Op -code I 



B1 



D1 



|B2 I 



02 







15 19 



31 3 5 



47 






Fixed Length 



[single | 
Icharacter | 
I I 

7 



The address of the each operand field is 
the sura of the contents the respective B- 
and D- fields. The first and second operand 
fields must have the same length. 

The result of an operation in the Sl>- 
Format is placed into the first operand 



Machine -Instruct ion Statement: 



6 1 



field. The contents of the general regis- 
ters remain unchanqed. 



INSTRUCTIONS FOE NON-ABITHMETIC OPERATIONS 



Condition,,, C ode Afte r, Non-Arithmetic 
Operation s 

The results of the operations determine the 
condition code. Move-operations do not set 
a code. In case of the EDIT-instruction 
the condition code indicates the status of 
the field to be transferred into the mask. 



Table of condition codes: 



J 

1 


1 


1 


- 1 

Operation | 


1 Name 
1 




Format 


Code 1 


1 

[Move Immediate 


(MVI) 


SI 


92 1 


1 Move Characters 


(MVC) 


SS 


D2 1 


1 Move Numerics (MVN) 


SS 1 


D1 1 


IMove Zones (MVZ] 




SS 


D3 1 


1 Compare Logical 


(CLI) 


SI 


1 95 1 


[Compare Logical 


(CLC) 


SS 


D5 1 


lEdit (ED) 




s s 


DE 1 


|And (NI) 




SI 


94 1 


|0r (01) 




SI 


96 1 


j Test under Mask 


(TM) 


SI 


91 1 


IHalt S Proceed 


(HPR) 


SI 


99 1 


[Translate (TR) 




S £ 


DC 1 



^f"^^ 



1 

t 


ion 
1 


101 


no 
— 1 


1 1 

111.1 



I Test under Mask | zero | mixed | — |one 

I And I zero |not zero] — |-- 

ICompare Logica.l| egualj low |high j — 

I Or I zero | not zero| — | — 

I Edit |zero |<zero |>zero | — 

L___ t L_ 1 I 



Move Immediate 

Format: SI Op-code 

Machine Instruction: 
MVI D1 (B1) , 12 



92 



Error C onditions 

Error conditions which may occur during the 
execution of non-arithmetic operations are: 



1. Operation code invalid 



2. Addressing error 

a. An instruction address or an 
operand ad'iress refers to the pro- 
tected first 144 bytes of main 
storage (addresses to 143) . 

b. An instruction address or an 
operand ad'^ress is outside avail- 
able storage. 

c. The last (highest) main-storage 
position contains any part of an 
instruction that is to be executed, 



Function: Xh S... l^¥it--^TTf \;r9-y"~^---^^=H^J--giifffi,i?, 

Condition Code: No change. 

Example: Assume reg,ister 10 contains (hex- 
adecimal) 082E, storage location A22 (hexa- 
decimal) contains A, the displacement in 
the first operand is 1F4, and the immediate 
data is the $. 

Source statement: 

Op-code D1 B1 12 






MVI 500(10),C'$' 



From this source statement the Basic Assem- 
bler produces the following object code: 



Specification error 

The low-order bit of an instruction 

address is one, i.e., no half word 

boundary. 



92 



H 1 1 1 

15B|A |1F4| 

-I —J :J .—J 



After execution storage location A22 con- 
tains $. 



Data error 

An invalid digit code is contained 
within the second operand field of an 
Edit operation. 



CPU parity error. 



Move Char acters 

Format: SS Op-code 

Machine instruction: 
MVC D1 (L,B1) ,D2 (B2) 



D2 



o 
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Function : The contents of the second 
operand field are placed into the first 
operand field. Processing is performed 
from left to right one byte at a time. 

The two operand fields may overlap. If 
the first operand field is to the left of 
the second operand field, then transfer 
will proceed correctly. If the first 
operand field is exactly one byte to the 
right of the second operand field, then 
this byte will be propagated throughout the 
first operand fiel-^. 

Con dition Code : No change. 

Ex ampl e : Assume register 11 contains (hex- 
adecimal) 0258, register 15 contains (hexa- 
decimal) 04B0, storage location 3E8 (hexa- 
decimal) contains optional data, storage 
location 7D0 (hexadecimal) contains C9 C2 
D4, the displacement in the first operand 
is 190 (hexadecimal) , and that in the 
second operand is "^20 (hexadecimal) . 

Source statement: 

Op-code D1 L B1 D2 B2 



MVC 



a00(3, 11) ,«00(15) 



o 



From this source statement the Basic Assem- 
bler produces the ■''ollowing object code: 

I 1 J 1 1 1 1 

|Op-code|L |B1|D1 1B2|D2 1 
f 1 1 — -\ 1 1 H 



I D2 



|2 IB I 190!F 1 320| 
I I J i J I 



After execution storage location 3E8 con- 
tains C9 C2 DU. 



Move Zones 



Format: 



SS 



Op-code D3 



m^k 

^^^V 



Machine instruction: 
MVZ D1 (L,B1) ,D2 (P2) 

Function: The high-order four bits (the 
zones) of each byte in the second operand 
field are placed into the high-order four 
bits of the first operand field. The low 
order four bits (the numerics) of each byte 
remain unchanged. Movement is from left to 
right one byte at a time. The digits are 
not checked for validity. The operand 
fields may overlap. 

Con dit ion C ode : No change. 

E xa ni£le : Assume register 10 contains (hex- 
adecimal) 0890, storage location 8FU-8F7 
(hexadecimal) contains FU F3 F2 CI, the 
displacement in the first operand is 6U 



(hexadecimal) , and that in the second 
operand is 66 (hexadecimal) . 

Source statement: 

Op-code D1 L B1 D2 B2 



MVZ 100(1,10) ,102(10) 

From this source statement the Basic Assem- 
bler produces the following object code: 

I 1 1 1 1 1 1 

|Op-code|L |B1|D1 |B21D2 1 
I . 1 1._4. + 1 ^ 

1 D3 I lA I 064| A I 066| 
I I I _j —J I 1 

After execution storage location 8FU-8F7 
contains F4 F3 F2 F1. 



Move Numerics 



Format: SS Op-code D1 

Machine instruction: 
MVN D1 (L,B1) ,D2 (B2) 



F unctio n: The low order four bits (the 
numerics) of each byte in the second 
operand field are placed, from left to 
right, into the corresponding low order 
four bits of the first operand field. The 
high order four bits (the zones) of each 
operand remain unchanged. The digits are 
not checked for validity. The operand 
fields may overlap. 

C ondit ion Code : No change. 

Example : Assume register 15 contains (hex- 
adecimal) 7DA, storage location 8AU-8A7 
(hexadecimal) contains FU F3 F2 CI, storage 
location 96A (hexadecimal) contains F9 F8 
F7 D6, the displacement in the first 
operand is C8 (hexadecimal), and that in 
the second operand is 190 (hexadecimal). 

Source statement: 

Op-code D1 L B1 D2 B2 



MVN 



200 (U, 15) ,U00{15) 



From this source statement the Basic Assem- 
bler produces the following object code: 



I 1 1 T 1 1 1 

|Op-codelL IB11D1 |B2|D2 | 



I D1 



I 3 IF I 0C8|F I 190| 

J I 1 ; I I I 



After execution storage location 8AU-8A7 
contains F9 F8 F7 C6. 
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Compare,_Logical Immed iate 

Format: SI Op-code 95 

Kachine instruction: 
CLI D1 (B 1) ,12 



Function: The eight- bit symbol of the 
immediate-data operand (the second operand) 
is compared to the contents of the first 
operand field. The result sets the condi- 
tion code. The two bytes are treated as 
eight-bit unsigned binary values. This 
results in the following order of 
comparison : 

Special characters, lower case letters, 
upper case letters, digits (System/360 
collating sequence) . 

All 256 bit combinations are valid. 

Condition Code: 



00 
01 
10 



first operand=second operand 
first operand<'second operand 
first operand>second operand 



Example: Assume register 15 contains (hex- 
adecimal) 1F4, storage location 5DC (hexa- 
decimal) contains ^9, the displacement in 
the first operand is 3E8 (hexadecimal) , and 
the immediate data is the letter A. 

Source statement: 

Op-code D1 B1 12 



CLI 



1000 (15) ,C« A' 



From this source statement the Basic Assem- 
bler produces the •following object code: 



1 1 1 1 1 

|0p-code|I2 |B1 |D1 | 

I +— +— H fl 

I 95 |C1 IF I 3E81 

1 L_ 1 J J 

After execution the condition code setting 
is 10. 



Compare Jl.ogical, _Char act ers 

Format: SS Op-code D5 

Machine instruction : 
CLC D1 (L,B1) ,D2 (P2) 

Function: The contents of the first 
operand field are compared with those of 
the second operand field. The fields may 
have a maximum length of 256 bytes. The 
comparison is terminated as soon as inequa- 
lity is encountere'^ . 



All bits are treated alike as part of an 
unsigned binary quantity. The order of 
comparison is the System/360 collating 
sequence: 

Special characters, lower case letters, 
upper case letters, digits. 

Comparison proceeds from left to right. 
All 256 bit combinations are valid. 

Condition Code: 



o 



00 
01 
10 



first operand=second operand 
first operand<second operand 
first operand>second operand 



E xample : Assume register 11 contains (hex- 
adecimal) 0320 storage location AF0-AF3 
(hexadecimal) contains D1 D6 C8 D5., storage 
location 708-70B (hexadecimal) contains D1 
D6 C5 E8, the displacement in the first 
operand is 7D0 (hexadecimal) , and that in 
the second operand is 3E8 (hexadecimal) . 

Source statement: 

Op-code D1 L B1 D2 B2 



CLC 



2000 (U, 11) , 1000 (11) 



From this source statement the Basic Assem- 
bler produces the following object code: 

I 1 1 1 1 1 1 

|Op-code|L |B1 |D1 |B2|D2 | 
I- 1- 1— -+ -f— + -F 



\>J^ 



D5 



I 3 I B |7D0| B I 3E8| 



After having compared the third character 
the condition code setting will be 10. 



Edit 



Format: 



SS Op-code DE 



Machine instruction: 
ED D1 (L,B1) ,D2 (B2) 

Function: The format of the source field 
(the second operand) is changed from packed 
to zoned and is edited under control of the 
pattern field (the first operand). The 
edited result replaces the pattern. The 
two fields must not overlap. Editing 
includes sign and punctuation control and 
the suppressing and protecting of leading 
zeros. It also facilitates programmed 
blanking of all-zero fields. Several num- 
bers may be edited in one operation, and 
numeric information may be combined with 
alphabetic information. The length field 
applies to the pattern (the first operand). 
It may have a maximum of 256 bytes. The 
pattern has unpacked format and may contain 
any character. The source (the second 



o 
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operand) has packed format and must contain 
valid decimal digit-and sign-codes. Its 
left half-byte must always contain one of 
the digits 0-9. The right half-byte may be 
a digit or a sign. 



Both operands are processed left to 
right one character at a time. Overlapping 
pattern- and source-fields give unpredict- 
able results. 

A so-called S-trigger controls the Edit- 
operation. Depending on various conditions 
during the operation the trigger is set 
either to ON or OFF. This setting deter- 
mines whether a source digit or a fill 
character is inserted into the result 
field. 

As mentioned before, the pattern may 
contain any unpacked character. However, 
three Bit- combinations have special 
significance : 

0010 0000 (hexadecimal 20) = digit-select 
character 

0010 0010 (hexadecimal 22) = field- 
separator character 

0010 0001 (hexadecimal 21) = significance- 
start character. 

The digit-select character indicates a 
position in the result field into which the 
corresponding digit of the source field or 
a fill character is to be inserted. 

The field-separator character is used if 
several source fields are to be inserted 
into one pattern. By setting the S-trigger 
to OFF it causes every source field to be 
treated separately. The field-separator 
character is always replaced by the fill 
character. 



3. By a negative sign (1011, 1101). 



During the processing of the left half- 
byte the sign of the right half-byte is 
checked and set accordingly. If a sign 
coincides with a valid digit or with a 
significance -start character in one posi- 
tion of the result field, the the sign 
takes precedence and the S-trigger is set 
to OFF (0) . 

The new S-trigger setting always takes 
effect with the subsequent position. 

The fill character, which under certain 
conditions, is placed into the result 
field, is always the first (left) character 
of a pattern; it is retained in the pattern 
(exception: the digit-select character and 
the significance-start character) . 

The S-trigger in OFF position causes: 

1. The digit-select character (hexadecimal 
20) and/or the significance-start 
character (hexadecimal 21) to be 
replaced by a valid digit (1-9) from 
the source field. 

2. The fill character to be stored in 
place of a zero in the source field. 

3. The fill character to be stored in 
place of any character in the pattern 

(exception: the digit select and the 
significance start characters). 

The S-trigger in ON position causes: 

1. The digit-select and/or the 

significance-start character to be 
replaced by every digit (0-9) from the 
source field. 



o 



The significance-start character sets 
the S-trigger to ON. Now every character 
in the pattern is replaced by the respec- 
tive digit of the source field or the fill 
character. 

The S-trigger is set to OFF (0) : 

1. At the beginning of an Edit-opera tion. 

2. By the field-separator character in the 
pattern . 

3. By a positive sign (1010, 1100, 1110, 
1111) . 

The S-trigger is set to ON (1): 

1. By a valid digit (1-9) of the source 
field. 

2. By the significance-start character in 
the pattern. 



2. A character in the pattern to remain 
unchanged (exception: the digit- 
select, field-separator, and 
significance-start characters) . 

All digits in the result field receive 
the zone 1111. 



Cond iti on Code : 

The condition code is set to: 

1. 00 if the source field contains only 
zeros. The setting of the S-trigger 
has no e ff ect . 

2. OJ if the source field is not zero and 
the S-trigger is set to ON ( 1) . (Nega- 
tive result) . 

3. VO if the source field is not zero and 
the S-trigger is set to OFF (0) . 
(Positive result) . 



Machine-Instruction Statement: 



If several fields are edited with one 
pattern, then the condition code refers to 
the field being processed. If the pattern 
has a field-separator in the last place, 
then the condition code is set to zero. 

The following symbols are used in the 
example: 



Symbol 

b (hexadecimal 40) 

( (hexadecimal 21) 

) (hexadecimal 22) 

d (hexadecimal 20) 



Me ani ng 

blank character 

significance-start 

character 

field-separator 

character 

digit-select character 



If the number to be edited is a negative 
number, then the CP. (hexadecimal C3D9) is 
commonly used in the last two bytes of the 
pattern. Since the minus sign does not 
reset the S-trigger, the CR will be left 
unchanged in the pattern. The CE stems 
from business application. It stands for 
credit and indicates payments due. 

E xampl e : (The numbers are given in decimal 
notation with the hexadecimal equivalent in 
parentheses.) 

Assume that register 12 contains 1000 
(03E8) , 

D1 is (00) , 
D2 is 200 (C8) , 

storage location 1000-1012 (3E8-3F4) con- 
tains bdd,dd( . ddbCR (unpacked), 
storage location 1200-1203 (4B0-UB3) con- 
tained 0257U26C (packed) . 



Source statement: 



Op-code D1 L B1 D2 B2 



O 



ED 



0(13,12) ,200(12) 



From this source statement the Basic Assem- 
bler produces the following object code: 



|Op-code|L |B1|D1 |B2|D2 | 

I 1 — I — + — + — h — ^ 

I DE |C |C I 0001 C 1 0C8| 
I i 1 I I I I 

Processing proceeds left to right one 
character at a time as shown in Figure 24. 

Condition code=10; result greater than 
zero. 

After execution location 100^-1012 (3E8- 
3F4) contains bb2, 574 .26bbb. 

If the contents of location 1200-1203 
are 00 00 02 6D, the following results are 
obtained : 

(before) Loc 1000-1012 (3E8-3F4) 

bdd,dd (.ddbCR 

(after) Loc 1000-1012 (3E8-3F4) 

bbbbbb.26bCR 

Condition code=1 ; result less than zero. 

In this case the significance-start 
character in the pattern causes the decimal 
point to be left unchanged. The minus sign 
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bb2,dd (.ddbCR2 j 


1 1 










1 leave 
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1 d 




5 






1 digit 


bb2,5d(.ddbCR | 


1 d 




7 
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bb2,57 (.ddbCR | 


1 r 
1 \ 




4 






1 ijj.y J.I, 


bb2,574.ddbCE j 


1 . 










1 leave 


same | 


1 d 




2 






Idigit 


bb2,574.2dbCE | 


1 d 




6 + 







Idigit 


bb2,574.26bCE3 | 


1 b 











Ifill 


same | 


1 c 











Ifill 


bb2,574.26bbE I 


1 H 











Ifill 


bb2,574.26bbb | 



Figure 24. Processing of Edit-Instruc tion 

Notes : 

1. This character is saved as the fill character. 

2. First non-zero digit sets S-trigger to one. 

3. The plus sign in this byte sets the S-trigger to zero. 
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does not reset the S-trigger so that the CR 
symbol is also preserved. 



And Immed i ate 

Format: SI Op-code 94 

Machine instruction: 
NI D1 (B1) ,12 

Function: The immediate data in the second 
operand field and the contents of the 
storage location a^ldressed in the first 
operand field are connected by the logical 
AND. The result (logical product) is 
placed into the first operand field. 

The connective AND is applied bit by 
bit. If there is a 1-bit in both operands, 
then the 1-bit in the first operand remains 
unchanged. Otherwise the 1-bit in the 
first operand will be changed to a 0-bit. 

C ondition C ode : If all eight bits in the 
result field are zero, the condition code 
is set to 00. Otherwise it is set to 01. 

Example: (The numbers are given in decimal 
notation with the hexadecimal equivalent in 
parentheses) . 

Assume that 

register 8 contains 4096(1000), 

D1 is 1000 (3E8) , 

12 is 2720 (AA) , in binary notation: 

1010 1010, 

location 5096(1060) contains 240(F0), in 

binary notation: 1111 0000. 

Source statement: 

Op-code D1 B1 12 



NI 



1000 (8) ,X'1\A' 



From this source statement the Basic Assem- 
bler produces the -following object code: 

I 1 1 1 > 

|Op-code| 12 |B1 |D1 ] 
J. 1. 1 1 ^ 



94 



|AA|8 |3E8| 



^L|jp 



After execution storage location 5096 (1060) 
contains 160 (AO) or in binary notation 1010 
0000. 

Condition code setting is 01. 



Or_Im mediate 

Format: SI Op-code 96 



Machine instruction: 
01 D1 (B1) ,12 

Function: The immediate data in the second 
operand field and the contents of the 
storage location addressed in the first 
operand field are connected by the inclu- 
sive OR. The result (logical sum) is 
placed into the first operand field. 

The inclusive OR is applied bit by bit. 
A 0-bit in both operand fields will set the 
bit in the result field (first operand) to 
zero. Otherwise the resulting bit will 
always be one. 

Condit i on Code : If all bits are zero, then 
the condition code is 00. Otherwise the 
code is set to 1 . 

Exam ple : (The numbers are given in decimal 
notation with the hexadecim al equivalent in 
parentheses) . 

Assume that 

register 8 contains 4096(1000), 

D1 is 1000(3E8) , 

12 is 2720(AA) , in binary notation: 

1010 1010, 

storage location 5096(1060) contains 240 ( 

FO) , in binary notation: 1111 1010. 

Source statement : 

Op-code D1 B1 12 



01 



1000 (8) ,X'AA » 



From this source statement the Basic Assem- 
bler produces the following object code: 

I 1 r 1 1 

|Op-code| I2|B1 |D1 | 

I 1 \ H ^ 



96 



1AA|8 |3E8| 
-1 1 I J 



After execution storage location 5096(1060) 
contains 250 (FA) or in binary notation: 
1111 1010. 

Condition code is 01. 



Test Under Mask 

Format: SI Op-code 91 

Machine instruction: 
TM D1(B1),I2 

Function: The bit combination in the first 
operand field is compared with the mask in 
the I2-field. The result of the comparison 
sets the condition code. 

The eight bits of the mask correspond 
bit by bit to the eight bits defined by the 
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first operand. k comparison with a bit in 
the first operand is performed only if the 
corresponding bit in the mask contains a 
"1". If the bit in the mask is "0", the 
corresponding bit in the first operand 
field will not be tested. 



Condition Cod e: No change. 

Example: (The numbers are given in decimal 
notation with the hexadecimal equivalent in 
parentheses) . 



^kta^r 



C ondit ion Code : 

00: all bits tested were zero (also, if 
all bits in the mask were zero, i.e., 
no test) . 

01: some (not all) of the bits tested were 
one. 

11: all bits tested were one. 

Exampl e : (The numbers are given in decimal 
notation with the hexadecimal equivalent in 
parentheses) . 

Assume that 

register 8 contains 2000 (07DO) , 

D1 is 650 (28A) , 

12 is 217(D9) or in binary notation: 

1101 1001, 

storage location 2650 (ASA) contains 204 (CC) 

or in binary notation: 1100 1100, 

Source statement: 

Op-code D1 B1 12 



TM 



650 (8) ,X'D9' 



From this source statement the Basic Assem- 
bler produces the ■following object code: 

I 1 1 1 r 

|0p-code|I2| B1 I D1 ] 

I 91 |D9|8 I28A! 
I I I, 1 . J 

Condition code is 01. 



Halt and Pro ceed 

Format: SI Op-code 99 

Machine instruction: 
HPR D1 (B 1) /O 

Function: This instruction is used to halt 
the CPU. All input/output operations are 
continued to complp»tion. 

Execution of the program may be resumed 
with the next sequential instruction by 
pressing the Start key on the CPU. 

This instruction uses the SI-Format in 
which the 12 field is ignored. The direct 
or effective address derived from the D1-D1 
fields may be used to identify the Halt and 
Proceed instruction. 



Assume that 

register 10 contains 450(01C2), 

D1 is 140 (080) , 

The halt number 590 (24E) is shown on the 

E-S-T-R registers on the console as 02UE. 



Source statement: 
Op-code D1 B1 12 



HPR 



140(10) ,0 



From this source statement the Basic Assem- 
bler produces the following object code: 

I 1 r r 1 

I Op-code| I2|B1 I D1 I 

I 1 1 1 1 



I 99 



|00|A |08C| 
J I I J 



Translate 



Format 



SS Op-code 



DC 



Machine instruction: 
TR D1 (L,B1) ,D2 (B2) 



F unc tion : This oper 
replace the values o 
the corresponding va 
byte in the first op 
look up a value in a 
value of a byte is a 
address (given by th 
table. The sum is t 
value wanted. This 
the byte in the firs 
ate the table-value. 



ation allows you to 
f one operand field by 
lues of a table. Every 
erand field is used to 

table. The binary 
dded to the starting 
e B2/D2 field) of the 
he place of the table- 
table-value replaces 
t operand used to loc- 



Processing proceeds from left to right 
until the end of the first operand is 
reached. The maximum length may be 255. 
The table must contain as many bytes as 
indicated by the highest binary value used 
for searching. 

Condition Code : No change. 

Example : (The numbers are given in decimal 
notation with the hexadecimal equivalent in 
parentheses) . 

Assume that 

register 10 contains 0(0000) , 
register 12 contains 0(0000), 
D1 is 1000 (3E8) , 



If 
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D2 is 2000 (7D0) , 

storage location 1000-1012 (3S8-3F4) con- 
tains the EBCDIC characters 542156037835 
ana location 2000-2009 (7D0-7D9) contains 
the EBCDIC charactprs 6MB0lb3-2 where 
b=blank.. 



Machine Formats of Ins truc tions. for Branch 
Operatio ns 

Branching instructions can be in the RR or 
the RX format. 



Source statement: 

Op-code D1 L B1 D2 B2 



TR 



1000 (12, 10) ,2000(12) 



From this source statement the Basic Assem- 
bler produces the following object code: 

I 1 1 1 1 1 1 

I Op-code I L IB11D1 |B2|D2 | 
1 ^ 1 1 , j. , 



DC 



10B|A I3E81C |7D0| 
_i I I 1 I J 



RR Format 



I 1 1 1 

|Op-code |R1 |R2 I 
I : I I J 







11 



15 



The R1 field may specify a general register 
into which the updated instruction address 
is to be stored as link information, or may 
contain a mask which is employed to identi- 
fy the bit values of the condition code. 
In the latter case it is referred to as the 
Ml field. 



After execution storage location 1000-1012 
(3E8-3F4) contains the EBCDIC characters 
bIBMb360-20b where b=blank. 



The R2 field specifies the general 
register that contains the branch address. 



RX Format 



^Ittf^ 



o 



BRANCHING 

Normally the CPU processes instructions in 
the order of their location in main 
storage. Branching operations allow a 
departure from this sequence. The machine 
can make logical decisions on the basis of 
certain conditions. For example: 

• The program continues in its normal 
sequence. 

• The program branches to a subroutine. 

• Part of the program is repeated (loop) . 

The branch address may be obtained from 
one of the general registers or it may be 
specified in an instruction. The branch 
address is indepenf^ent of the updated 
instruction address. 

Branching is determined either by the 
condition code in the Program Status Word 
(PSW) or by the contents of the general 
registers used in the operations. 

During a branching operation the right- 
most half of the P?W, the updated instruc- 
tion address, may be stored before the 
instruction address is replaced by the 
branch address. The stored information may 
be used to link the new instruction 
sequence with the preceding sequence. 

The condition code set by certain 
instructions and the branch instruction are 
used to make logical decisions within a 
program. The branch operation itself does 
not change the condition code. 



I 1 1 1 r- 

|Op-code I R1 I 0000 I B2 | 

I I I 1 L. 
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The R1 field may specify a general register 
into which the updated instruction address 
is to be stored as link information, or may 
contain a mask (then called Ml field) that 
is employed to identify the bit values of 
the condition code. 

The direct or effective address derived 
from the B2-D2 fields is the branch 
address - 

Error C ondit ions 

Error conditions which may occur during a 
branch operation are: 

1. Operation code invalid. 

2. Addressing error. 

a. An instruction address or a branch 
address refers to the protected 
first 1UU bytes of main storage. 

b. An instruction address or a branch 
address is outside available 
storage. 

c. The R1 field of a Branch and Store 
instruction contains binary values 
zero through seven, or the R2 field 
of an RR format branch instruction 
contains binary values one through 
seven. 

d. An instruction part is located in 
the last (highest) two main storage 
positions. 
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Specification error. 

a. The low-order bit of an instruction 
address is one, i.e., no half word 
boundary. 

b. Bits 12 through 15 of an RX format 
instruction are not all zero. 

CPU parity error. 



INSTRUCTIONS FOR B^'ANCH OPERATIONS 

The branch instructions, their operation 
codes, formats, anr! mnemonics are shown the 
following table: 



Source statement: 

Op-code Ml R2 

BCR X'6', 9 

Basic Assembler produced object code: 

I 1 1 1 

I Op- code I K1 |R2| 
I — 1 1.__^ 

I 07 I 01101 9 I 
I I I I 

A branch to the main storage location 22B 
will take place. 



o 



1 1 J - I 
1 1 1 Op- 1 
1 Name | Format I Code | 
J lit 


i III 

1 III 

1 Branch on Condition (BCR) | RR | 07 | 
I Branch on Condition (BC) | RX | U7 j 
[Branch S Store (B».SR) I RR | OD | 
[Branch S Store (BAS) | RX | 4D | 



Branch on Condition R egi ster 

Format: RR Op-code 07 

Machine instruction: 
BCR M1,R2 

Function: The condition code is tested 
against the four bits in the mask K1. If 
the condi tioni ^,._jp± ^..^„.h ii a ji.cli.. ..ox.cu r,,§^ , , ,^^^^^^^ , 

g»2'-— *"*5^"he]^ ise , the next seguential 
I'n St ruction is executed. 

There is a corresponding bit in the mask 
for each of the four possible condition 
code settings as shown below : 



07 



HI 



R2 



-I 1 T 1 + 

|00|01 I 10| 11 I 



The condition for a branch is met if the 
mask bit corresponding to the current con- 
dition code settina is a 1-bit. It is 
possible to connect several conditions by 
specifying a 1-bit in the corresponding 
mask-bit positions. An unconditional 
branch occurs if all four bits in the mask 
are 1-bits. The branch instruction is 
ignored if all four bits in the mask are 
0-bits or if R2 is zero. 

C o n di t i on_co de : No change. 

Ex ample : Assume register 9 contains deci- 
mal 555 (hexadecimal 22B) , the condition 
code in the PSW is 01, and the mask is 
given as hexadecimal 6. 



Branch on Condition 



Format RX Op-code U7 

Machine instruction: 
BC K1,D2(0,B2) 



Function : The oandition code is tested 
against the mask Ml (four bits) . If the 
condition is met, a branch occurs to the 
address in main storage specified by B2/D2, 
Otherwise the next seguential instruction 
is executed. 

For each of the four condition code set- 
tings there is a corresponding bit of the 
mask as shown below: 



\Jr 



47 



Ml 



0000 



B2 



D2 



' —I 1 r 1 -I ' ' -" 

I 00 |01 I 101 1 1 I 

The condition for a branch is met if the 
corresponding condition code exists for at 
least one defined bit in the mask. 

It is possible to connect several condi- 
tions by defining several bits in the mask 
accordingly. An unconditional branch 
occurs if all four bits in the mask are 
one. The branch instruction is ignored if 
all four bits in the mask are zero. 



Condition Code 



No chanae 



Exam pl e: Assume that 
D2 is 875 decimal (36B hexadecimal) , 
Register 11 contains 0000, 
Condition code in the PSW: 00. 

Source statement: 

Op-code Ml D2 B2 

BC X'0« ,875 (0,1 1) 

Basic Assembler produced object code: 



o 
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I 1 1 1 1 1 

I Op-code|M 1 I IB2|D2 | 



U7 



|8 |0 |B |36B| 
J I J 1 1 



After execution register 10 contains 026D 
and a branch is taken to storage location 
362 (hexadecimal) . 



A branch to main storage location 36B (hex- 
adecimal notation) takes place (branch on 
equal) . 



Branch and Store Register 

Format: RR Op~code OD 

Machine instructions: 
BASR R1,R2 
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Condition Code : No change. 



o 



Examp le : 

The contents of the register 10 are 
arbitrary. 

Assume that register 12 contains hexadeci- 
mal 0362 (decimal ^66) , 

PSW 16-31 contains hexadecimal 026D (deci- 
mal 621) . 

Source statement: 

Op-code R1 R2 

BASR 10,12 

Basic Assembler produced object code 



I 1 1 1 

|Op-code|R 1 |R2| 

\ + 1 — H 

I OD |A IC I 
I I I I 



Branch and Store 



Format: RX Op-code 4D 



Machine instruction: 
BAS R1,D2(0,B2) 



Function : The rightmost 16 bits of the 
PSW, the updated instruction address, are 
stored as link information in the general 
register specified by R1. Next, the 
address specified by B2/D2 is stored as an 
instruction address in the PSW. This 
amounts to a branch to the address speci- 
fied by B2/D2. 



C onditio n Code: No change. 



Exam pl e: 

The contents of register 10 are arbitrary, 
Assume that register 11 contains hexadeci- 
mal OUUC, 

PSW 16-31 contains 036C, 
D2 is hexadecimal 12C (decimal 300). 



Source statement: 
Op-code R1 D2 B2 



BAS 10,300(0,11) 
Basic Assembler produced object code 



|Op-code| R1|X=0 |B2|D2 | 
I 1 1 1 1 , 



I 4D 
1 



I A I IB I 12C I 



After execution register 10 contains 
hexadecimal 036C and a branch to storage 
location hexadecimal 578 is taken. 



0'\ 
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THE BASIC ASSEMBLE? PROGRAM 



o 



The Basic Assembler program is available in 
both card and tape versions. 

The card versions are used if only card 
I/O devices are included in the system con- 
figuration. The tape versions can be used 
if an IBM 2415 Magnetic Tape Unit Model 1 
or U is available, in addition to the card 
I/O units. 



BASIC ASSEMBLER (CARD VERSIONS) 

The card versions require two passes. Dur- 
ing the first pass the Basic Assembler pro- 
gram (phase 1) produces pass information 
required during pass 2. This information 
is punched into columns 1-24 of the source 
cards or into the corresponding columns of 
duplicated source cards. In addition, a 
listing of all source statements is sup- 
plied if a printer is attached to the sys- 
tem and if an appropriate entry has been 
made in the control card. 

During the second pass, the source cards 
containing the pass information are pro- 
cessed by the Basic Assembler program 
(phases 2 and 3) . Then the symbol table 
generated in storage is punched into cards, 
if desired. At the end of the assembly the 
following output is obtained: 

• a Clear- Storage card and an Absolute- 
Program Loader card for loading of the 
object program. 

• TXT cards containing the source state- 
ments, translated into machine language. 

• ESD and RLD cards containing information 
for program lin'<"ing and relocation. 

• A program listing, as shown in Figure 
3U. 

Not®- The first three items above are 
referred to as the object deck. 
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The control cart^ can also be used to 
specify a diagnostic run. In this case. 



the punching of all cards is suppressed. 
The only output produced is a listing of 
all statements in Basic Assembler language. 
Most of the erroneous statements are iden- 
tified by diagnostic messages. 



Error Eliminat i on 

For the card versions of the Basic Assem- 
bler program, a reassembly feature is pro- 
vided that permits the reassembly of a par- 
tially or completely assembled program in 
less time than would be required by the 
repetition of the total assembly. For a 
reassembly, at least pass 1, phase 1, and 
pass 2, phase 2 of the Basic Assembler pro- 
gram (i.e., the punching and/or printing of 
the symbol table) must be completed. 

A reassembly can be executed to correct 
erroneous statements and/or to compensate 
for a symbol-table overflow, which occurs 
if the number of symbols specified in the 
source program exceeds the limit in regard 
to the storage capacity used. Refer also 
to the sections Symbols and Exi- ressions. 

When a reassembly is to be performed, 
the same amount of main storage must be 
specified to the Basic Assembler program as 
for the original assembly. 

The symbol-table overflow can be elimi- 
nated by : 

• making use of relative addressing, 
described in the section referenced 
above, thereby reducing the number of 
symbols in the program; 

• performing an additional assembly run, 
as described in a subsequent section; or 

• subdividing the program into segments 
and performing a separate assembly for 
each segment. 

A Drooram. that is to be reassembled can 
be changed in any manner. New symbols can 
be added, existing symbols can be redefined 
(if there is room in the symbol table) , 
existing symbols can be deleted except from 
the symbol table, and new statements can be 
added to the program. A statement that is 
to be changed must be repunched, leaving 
columns 1 through 24 blank. 



Additional Assembly Run. This increases 
the? number of symbols permitted in regard 
to the storage capacity used during an 
assembly . 






o 
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During pass 2 o^ the original assembly, 
the portion of the object deck already 
assembled is completed. On completion of 
pass 2, a programmed halt occurs to enable 
the user to remove this portion of the 
object deck. 

When the system is restarted after an 
overflow, the Basic Assembler generates a 
new control card that contains the USING 
table and the value of the location counter 
at the time the overflow occurred. After 
generation of this control card, the 
remaining portion of the source deck is 
duplicated . 

The duplicated source cards contain the 
following: 

Pass Information [Columns 1 - 24) : For 

example, a diagnostic message or the punch 
12-11-0-7-8, the operation code, and one or 
more pointers desianating the location of 
storage addresses of related symbols. 

Source Statement (Columns , 25-71 ) : The 
identification sequence field (columns 73 
to 80) is not duplicated. 

The new control card and the duplicated 
source cards are the input for the first 
(or only) additional assembly run. If 
another symbol-table overflow occurs, this 
first additional assembly run is considered 
to be the original assembly run and another 
additional assembly run can be performed. 

This again increases, at the rate per- 
mitted for a new assembly, the number of 

symbols that can be used in the program. 



BASIC_ASSEHBLER (TAPE VERSIONS) 

The tape versions of the Basic Assembler 
program use tape as an intermediate storage 
medium, which reduces card handling time. 
The Basic Assembler program and the first 
source program (both contained in punched 
cards) are read into the system during the 
initial run. Intermediate information is 
not punched into cards (as with the pass 
information of the card version) but is 
written on tape, from which it can be 
retrieved by the program when required. 

Once the appropriate tape version of the 
Basic Assembler is written on a work tape. 



it can be used for the assembly of any 
number of source programs during the same 
run. Each source program is read in after 
the object deck for the preceding program 
has been punched. The subsequent source 
decks must be separated by blank cards. 



For the assembly of a source program 
with the tape version of the Basic Assem- 
bler program, a control card similar to the 
control card of the card version, must be 
created. The control card and the card 
handling required during an assembly run 
are described in the SRL publication IBM 
System/360 Model 20, Card Prog rammi ng S up- 
p ort, Basic Assembler (Tape Versions) , 

Operating Proc edures , Form C2U-9011. 
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The fifth Basic Assembler phase is used 
to deal with a possible symbol-table over- 
flow. Otherwise it is not used. 
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The printed output produced by the tape 

versions of the Basic Assembler is the same 

as the printed output produced by the card 

versions of the Basic Assembler. 
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DIAGNOSTIC MESSAGES 



o 



Errors in the syntax of source statements 
and other violations of programming conven- 
tions are marked by diagnostic messages in 
the program listing to the left of the sta- 
tements involved. These diagnostic mes- 
sages, produced by both versions of the 
Basic Assembler program, are subdivided 
into two groups: 



1. Warning messages 



2. Error messages. 



Warning messages indicate violations of 
programming rules that do not affect execu- 
tion of the assembly. The pertinent mes- 
sage codes are D, L, R, T, and W. 



Error messages identify incorrect state- 
ments that prevent the Basic Assembler pro- 
gram from completing an assembly. The per- 
tinent message codes are C, M, N, 0, S, and 
U. A summary of all diagnostic messages is 
provided in Appendix D. 



LOADING OBJECT PROGRAMS 

Two routines for the loading of object pro- 
grams are available: (1) the Absolute- 
Program Loader and (2) the Relocatable- 
Program Loader. 



The Absolute- Program Loader is punched 
into a single card by the Basic Assembler 
program when the object deck is punched. 
Any loader control cards that may have been 
produced by the Basic Assembler {ESD and 
RLD) are ignored by the Absolute-Program 
Loader. 



If the program is to be relocated on 
loading, the operator must replace the 
Absolute-Program Loader card with the deck 
containing the Relocatable-Program Loader. 
The loading routines are described in 
detail in the SRL publication, IBM System/ 
360 Mo del 2 Card Proqrammi nq Support, 



Basic Utility_Programs^___Function s an d 
Operat ing Procedu res , Form C26-3604. 
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PERFORMANCE DATA 



This section lists the storage and time 
requirements for the assembly of source 
programs and the execution of object 
programs. 



If an IBM Model 20 Submodel 3 or U is 
used, the time requirements shown in Figure 
26 will increase by approximately 50T,. For 
an IBM Model 20 Submodel 5 the time 
requirements will decrease by approximately 

lor,. 



MAIN STORAGE REQUIREMENTS 



A ssemb l y of Source Pr ograms : Figure 25 
shows the main storage requirements for the 
assembly of source programs containing the 
maximum number of symbols. 
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Figure 25. Main Storage Requirements for 
Assembly 



Execution o f Object Programs : The 
Absolute-Program Loader requires 160 bytes 
of main storage (including the load/read 
area) . The Relocatable-Program Loader 
requires approximately 500 bytes. The 
remaining portion of main storage is avail- 
able for object program execution. 



The time requirements depend on the dis- 
tribution of symbols and on the type of 
cards (i.e., original or duplicated source 
cards) into which the pass information is 
punched . 



The total times shown in Figure 26 do 
not include card handling time or the time 
required for loading the two Basic Assem- 
bler decks (approximately 10 to 15 
seconds) . 
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Figure 25. Summary of Time Requirements 
for Assembly, Card Version 



Note: If the source program contains 
external symbols, additional storage is 
required for the External Symbol Identifi- 
cation table. 



Execution of Object Programs: The time 
required for the execution of an object 
program depends on the length of the pro- 
gram and on the types of operations 
employed. 



TIME REQUIREMENTS — CARD VERSION 



Assembly _of So urce , Programs : Figure 26 
shows the times required to assemble a 
source program consisting of 600 cards, 
including 155 symbols, on two basic input/ 
output configurations. The available main 
storage is 4096 bytes. The times given 
apply to IBM Model 20, Submodel 2. 



^B^giV 



TIME REQUIREMENTS — TAPE VERSION 

The time required for the assembly of 
source programs depends on the distribution 
of symbols and on the model of the 2415 
used during the assembly. The average time 
requirement for a source program comprising 
600 cards and 165 symbols is from 6.2 to 8 
minutes, when using a storage capacity of 
4096 bytes. 
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WRITING A PROGRAM IN BASIC ASSEMBLER LANGUAGE 



o 



This section illustrates the writing of a 
program in Basic Assembler language, from 
the first approach to the specified pro- 
blem, through the subsequent steps of writ- 
ing the statements and executing the assem- 
bly and the object program, and concludes 
with the result printed as final output. 



STATING_THE_PRgBLEK 

The sample problem used is as follows. In 
1627, an Indian sold Manhattan Island for 
twenty-four dollars. Determine the result- 
ing capital in 195^^ if this money had been 
immediately transferred to a bank at an 
interest of ^'^^ per annum. The interest 
earned each year should be rounded to the 
nearest cent. 



WRITING THE SOURCE PROGRAM 



THE FLOWCHART 

To establish a guide line that defines the 
steps to be taken towards a solution, a 
flowchart can be dp»veloped, as shown in 
Figure 27. 



INITIALIZING THE PT^OGRAM {STMT 1-STMT3) 

According to the flowchart, initializing 
the program is the first step. This means 
{ 1) incrementing the location counter to a 
tentative loading point and (2) loading and 
assigning a base register. 



These first instructions can now be 
entered on an IBM coding form, as shown in 
Figure 28. The opp>rand of the START 
instruction (STMT1) causes the location 
counter setting to be incremented to 340 
(hexadecimal 15U). The next statement 
causes the address 342 (hexadecimal 156) to 
be loaded into register 13 (STMT2) and the 
USING statement as?;igns to register 13 the 
attributes of a base register (STMT3) . 
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Figure 27. Sample Program Flowchart 
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Figure 28. Initialization Routine 



DATA CONSTANTS AND WORK AREAS 
(STMTU-STKT15) 
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The following data constants and work 
areas are required: 



The capital (24.000) allowing for an 
additional decimal position, which can 
be used for rounding to the nearest 
cent {STMT9) . 

The divisor (2*^) for calculation of the 
U% interest (STHTIO) . 



3. 



The parameter (5) for rounding the last 
decimal position (STHTII). 

The count (338) to control the number 
of calculations executed (STHT12). 



5. 



6. 



The parameter (1) 
count (STMT13) . 



to decrement the 



^PUj^ 



The mask required when transforming the 
result into unpacked format for print- 
ing and for insertion of the necessary 
commas and the decimal point (STMTIU; 
STMT15) . 



7. A print (PRT ; 17 bytes) large enough to 
accommodate the mask (STKT6) . 

8. An area (ACCU; 7 bytes) to accumulate 
the computed interest and the resulting 
new capital {STMT8) . 



A work area for execution of the divi- 
sion and rounding (STMT7) , with a 
length of 9 bytes, which is equal to 
the length of the divisor plus the 
length of the dividend. 



Figure 29 shows how these constants and 
areas are defined. 



The BC statement (STMT4) in Figure 26 is 
required during execution of the object 
program so that it can branch around the 
constants. 

Register 10 is specified by RIO in the 
operand of a program statement (STMTS) 
which facilitates the reading of the state- 
ments. The constant ROUN is used to round. 
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aracter, 20, 21, or 22 in 
hever is applicable. Com- 
points are specified by the 
d UB, respectively, placed 
where they should appear in 
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Figure 29. Introduction of Data and Work Areas 



Before a mask c^n be set up, the maximum 
size of the expected result must be deter- 
mined. In our program example, we have 
analyzed the result and decided to reserve 
twelve decimal positions. This means, that 
the largest result expected is of the 
format : 



l ool 00| 0| OO l 24 |00| PC | 



ACCU 



ACCU • 4 



X, XXX, XXX, XXX. XX 

If the result should be shorter, zeros 
are replaced by blanks (hexadecimal UO in, 
the first position of the mask) . 

The mask may then be determined as follows: 



X, XXX, XXX, XXX, XX 

I I I M I I I I i i I I i I I 

40 20 6B 20 20 20 6B 20 20 20 6B 20 20 21 48 20 20 



The digit preceding the decimal point is 
specified as 21. "^his code is the initial 
start character anr* causes zero suppression 
to be disregarded ^rom here on. This 
allows printing of the decimal point, in 
case the result is less than 1. 



Figure 30. Contents of ACCU After Execu- 
tion of STMT 17 



The next step is to bring the contents 
of ACCU (accumu ]ated capital) into the work 
area for computation of the interest 
(STMT18). This is the first of the 
instructions to be executed 338 times and, 
therefore, becomes the entry point for the 
program loop (see flow-chart). The con- 
tents of the area WORK are then divided by 
25 (STMT19). On execution of the division, 
the quotient, including leading zeros, is 
placed into the leftmost portion of the 
dividend field and the remainder into the 
rightmost portion of the dividend field. 
Thus, the first calculation is executed as 
shown in Figure 31. 



o 



PROGRAM ROUTINE (STMT 1 6- STMT24) 



Now we can con 
tine itself, 
we first set u 
Figure 32 (STM 
register 10 wi 
1627) . This s 
to link it wit 
ceding the DC 
capital of 2*4. 
area used to a 
interest amoun 
(STMT17) . Thu 
shown in Figur 



centrate on the program rou- 
According to the flow-chart, 
p thp> count. As shown in 
T16), this is done by loading 
th the constant 338 (1965 - 
tatement must be named CALC 
h thp branch instruction pre- 
statements. The initial 
000 is moved into the ACCU 
ccumulate the intermediate 
ts and incremented capital 
s, Arcu now has the contents 
e 30. 



loaded from ACCU 



00|00[00|00|00|00r24|00|0 C 



t o I I 
ORK W 



ORK+2 

WORK after execution of the division: 
quotient 



remainder 



I 0|0 0|0 |0 0[0 0|9 6|0C|0 0|0C 
Wi 



ORK 



Figure 31. Execution of the First Calcula- 
tion Step 
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Figure 32. Calculation Routine 
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The contents of the leftmost seven bytes 
of the area WORK (C.960, after the first 
iteration) are added to the co-ntents of 
ACCU (STKT20) . Accordingly, ACCU now con- 
tains 21.960, the capital available after 
one year of deposit. 

Fractions of cents that are equal to or 
greater than one-half are rounded to the 
next highest value by adding the constant 
0.005 to the contents of ACCU (STMT21). 
Since the third decimal position contains a 
zero, the result is not changed. (On the 
next iteration, however, the computed int- 
erest and capital equals 25.958, which 
results in a rounded total of 25.963.) The 
original contents of the last byte of ACCU 
(OC) are then restored in preparation for 
the next iteration {STnT22) . 

The counter is then decreased by T 
(STMT23) . This instruction also sets the 
condition code, which indicates whether the 



result is greater than or equal to zero. 
If the result is greater than zero, the 
program branches to LOOP and re-executes 
the program segment through the condition 
code test (STMT24) . Otherwise, the print 
routine (Figure 33) is initiated. 



OUTPUT (STMT25-STMT35) 

STMT25 causes the mask to be moved into the 
print area. (The length of each operand 
need not be explicitly stated, because it 
is implied). The ED instruction (STMT25) 
causes the editing of the calculated result 
by moving it into the print area, on top of 
the mask already contained in this field. 
The first 4-bit hexadecimal digit of ACCU 
is placed into the leftmost byte containing 
a digit select character 20. Although the 
addressed byte is PRT, the first byte used 
to store the result is PRT+1. 





"~" 


"~ 










rn 


1 — 1 




p^ 






p-1 


1 — 1 


1 — 1 


r— 1 








r— 1 
















"^ 




1 — 1 








[ — 1 


r-1 




n 


PI 






r~i 


p^ 


r^ 




-_, 










— 1 


— 1 


-V. 






--1 




















































































































- 


- 


-' 
















































































































K 


V 


C 








P 


R 


T 


t 


M 


A 


$ 


K 
















M 


A 


s 


K 




T 







p 


R 


I 


N 


T 




A 


R 


E 


A 






5 


T 


M 


T 


2 


5 




















E 


D 










P 


R 


T 




A 


C 


C 


u 
















E 


P 


I 


T 




R 


E 


$ 


u 


L 


T 




















s 


T 


M 


T 


2 


6 






F 


I 


N 


E 








X 


I 











P 


R 


T 


c 


X 


1 


V 


# 


' 


) 


» 


i 


7 






P 


R 


I 


N 


T 




R 


E 


s 


U 


L 


J 


















S 


T 


M 


T 


2 


7 




















B 


C 










1 


1 


P 


E 


R 


R 




















T 


E 


s 


T 




P 


R 


I 


N 


T 


£ 


R 




N 





T 







K 




$ 


T 


M 


T 


I 


8 




















B 


C 










»♦ 


1 


F 


1 


N 


E 




















T 


E 


5 


T 




P 


R 


I 


N 


T 


E 


R 




V4 





R 


K 


N 


G 




S 


T 


M 


T 


1 


9 




















T 


I 





B 






♦ 


y 


X 


1 


h 





1 


















T 


E 


S 


T 




E 


N 


D 







F 




I 


/ 















S 


T 


M 


T 


3 























T 


I 





B 






P 


E 


R 


R 


f 


X 


1 


H 


1 


1 












T 


E 


S 


T 




P 


R 


r 


N 


T 


E 


R 




E 


R 


R 





R 






$ 


r 


M 


T 


3 


1 






H 


A 


L 


T 








H 


P 


R 








X 


1 


9 


9 


3 


f 




^ 
















D 


I 


S 


P 


L 


A 


Y 




9 


8 


9 




















$ 


T 


M 


T 


3 


Z 




















B 


c 










1 


5 


1 


H 


A 


u 


T 


















L 





c 


K 




P 


E 


§ 


T 


A 


R 


T 


















§ 


T 


M 


T 


3 


3 






P 


C 


R 


R 








M 


p 


R 








X 


» 


1 


1 


1 


1 


^ 



















D 


I 


S 


P 


L 


A 


V 




1 


1 


1 




















5 


T 


M 


T 


5 


tf 


















3 


C 










1 


5 


n 


F 


t 


N 


E 


















R 


E 


p 


E 


A 


T 




P 


R 


I 


IS 


T 


















S 


T 


h 


T 


3 


5 




















£ 


N 


P 








I 


N 


P 


A 
































































s 


T 


n 


T 


3 


6 








































































































































































































































_J 


LJ 










L— ' 


•^J 




1— 1 






1 — 1 


L, 


_J 


UJ 








1 1 












1 




1 — 




1 — 1 








^ 


UJ 




L— 1 








U J 


i 1 


[^ 




LJ 













U— 


Ux 






L-* 



Figure 33. Print Routine 
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All of these conditions are taken care 
of by appropriate test and branch instruc- 
tions, represented by STHT28 through 
STMT31. STMT28 branches to the instruction 
that stops the processing of the program if 
the printer is not operational. STMT29 
tests to see if the printer is working 
{"Working" means that the Model 20 is in 
the process of setting up mechanical delays 
and circuitry or still executing a previous 
XIO instruction, no t that it is executing 
the present XIO instruction.) and causes 
the re-execution o^ the XIO instruction 
until the printer has completed the last 
I/O operation. STPiTBO tests to see if the 
printer is busy (""usy" means that the XIO 
instruction is actually being executed.) 
and causes the proaram to loop around the 
same instruction until the last print 
operation has been terminated. STMT31 
causes a halt, if a print error occurs, and 
display of code 111 in the STR register 
panels on the CPU (STMT3U) . In the latter 
case, pressing the start key of the CPU 
causes the print instruction to be re- 
executed because o^ the branch address in 
STMT35. 

PROGRAM END {STMT3fi) 

If no print error occurs, the program halts 
on reaching the HPR instruction (STMT32) . 
If the start key of the CPU is pressed, 
STMT33 causes the program to re-execute the 
previous HPR instruction and to return to 
the same halt. 

ASSEMBLING_THE_SOUf CE_PROGRAK 

CONTROL CARD 

When the program has been punched into 
cards, the source program can be assembled 
by either version of the Basic Assembler 
program. 

In our case, it is assumed that the card 
version is used and that the available sys- 
tem configuration includes a 2S60 HFCM and 
a 2501 Card Reader. Therefore, the 2S01 



will read the Basic Assembler program and 
the source program. 

In addition, the pass information will 
be punched into duplicated source cards on 
the attached 2560, and the first run will 
scan the program statements for possible 
errors. Thus, the control card will be 
supplied with the following entries: 

Columns 1-5://CTL 

Column 6: or blank {Indicates a diag- 
nostic run; all 
punch operations are 
bypassed; only the 
program listing is 
printed. ) 

Column 8: or blank (Indicates that 4096 

bytes of main 
storage are used for 
the assembly.) 

All other columns are left blank. 



DIAGNOSTIC RUN 

The statement listing printed during the 
diagnostic run is shown in Figure 34. To 
demonstrate the identification of incorrect 
statements by diagnostic messages, two 
errors have been deliberately included in 
the source deck (see STMT19 and STHT29) . 
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Figure 34. Sample Statement Listing Pro- 
duced During the Diagnostic Run 
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STMT19 is marked by an M, indicating that 
the symbol in the name field is defined 
twice. 

STMT29 is marked by a C, indicating that 
column 72 of the source card is not blank. 



cated source deck. (For detailed informa- 
tion refer to the SRL publication IBM 
Sy stem/3 6 Mod el 20, C a rd P rogramming Sup- 
port^ B asic As s embl e r (Card Versions ) , 

Operati ng Pr ocedures, Form C26-3802. 



Note: In the case of an erroneous comments 
card (i.e., punched in column 72), columns 
1 to 2U are not printed by the card version 
of the Basic Assembler program. The state- 
ment is marked by a C. 

Assembly R un 

After correcting these two errors, the 
source program can be assembled. For this 
purpose, the entry in column 6 of the con- 
trol card must be changed to 3. This 
informs the Basic Assembler program that 
(1) a 2501 is used for reading, (2) a 2560 
MFCM is used for punching, and (3) pass 
information is to he punched into a dupli- 



During assembly, the 
is printed as shown in F 
gram listing is shown in 
punched card output, pro 
assembly run, consists o 
with an Absolute-Program 
ceding it. When these c 
loaded into main storage 
the object program produ 
shown in Figure 35. 



symbol- table image 
igure 36. The pro- 
Figure 37. The 
duced during the 
f the object deck 
Loader card pre- 
ards have been 
, the execution of 
ces the result 



13,721,788,77 

Figure 35. Result Computed by the Problem 
Program 



ACCU 


10 


017A 


06 


CALC 


10 


019E 


03 


CNT 


10 


01B8 


01 


?ECR 


10 


018A 


01 


FINE 


10 


01 08 


05 


HALT 


10 


OlEE 


03 


LOOP 


10 


01A8 


05 


MASK 


10 


018C 


OA 


PFRR 


10 


01F6 


03 


RATE 


10 


017E 


01 


ROUN 


10 


0180 


06 


RIO 


00 


OOOA 


00 



CPTL ID 017B 02 

INDA ID OlbU 00 

PRT 10 015A 10 

WORK 10 016B 08 



Figure 36. Image of the Symbol Table 



If 



1 5 A 










015-'- 


CD DO 








0156 










0156 


47F0 


U048 






OOOA 










0154 










0163 


0000 


0000 


0000 


0000 00 


0I7A 


0000 


0000 


0000 


00 


017B 


2400 


OC 






017E 


025C 








0180 


0000 


0000 


0000 


5C 


0188 


0152 








018A 


0001 








018C 


4020 


6S20 


2020 


6R20 2020 6B 


0197 


2020 


214B 


2020 




019E 


48A0 


0032 






01A2 


0202 


0022 


0025 




01A8 


0206 


0017 


OOIE 




OlAE 


FD81 


0015 


0028 




018<» 


FA66 


OOIE 


0015 




OIBA 


FA66 


OOIE 


D02A 




OICO 


920C 


0024 






0IC4 


4BA0 


0034 






01C8 


4720 


0052 






OICC 


0210 


0004 


0036 




01D2 


OEIO 


0004 


OOIE 




0108 


D040 


0004 


0011 




OlDE 


4710 


OOAO 






01E2 


4740 


0082 






01E6 


9A40 


0090 






OlEA 


9A4I 


OOAO 






OlEE 


9900 


0999 






01F2 


47F0 


0098 






01F6 


9900 


0111 






OlFA 


47F0 


0082 






0154 











liNOA 


S( AKI 


3^0 






STMTOl 


001 




8ASR 


13,0 




LOAD BASE REG. 


STMT02 


002 




USING 


",13 




ASSIGN BASE RE. 


STMT03 


002 




BC 


15, CALC 




CIRCLE THE CONST 


STMT04 


002 


RIO 


EQU 


10 






STMT05 


002 


PRT 


OS 


CL17 






STMT06 


002 


WORK 


OC 


XL9'0' 






STMT07 


003 


ACCU 


DC 


XL7'0' 






STMT08 


00 3 


CPTL 


OC 


X'24000C' 






STMT09 


003 


RATE 


DC 


X'025C» 






STMTIO 


003 


ROUN 


OC 


X'OO0OOOOOO0OO5C' 


STMT 11 


003 


CNT 


OC 


H'33B» 






STMT12 


003 


OECR 


OC 


H' !• 






STMT13 


003 


MASK 


DC 


X'40206B202 0?06R?020206B' 


STMT14 


003 




OC 


X'2020214R?020 


1 


STMT15 


003 


CALC 


LH 


RIO, CNT 




LOAD COUNT 


STMT16 


003 




MVC 


ACCU+4(3) 


,CPTL 


LOAD ACCU 


STMT17 


003 


LOOP 


MVC 


WGRK+2(7) , 


, ACCU 


LOAD WORK 


STMT18 


004 




DP 


WORK, RATE 




COMPUTF irilEREST 


STMT19 


004 




AP 


ACCU, WORK ( 7) 


INCREMENT CAPITAL 


ST1T20 


004 




AP 


ACCU, ROUN 




ROUND DEC P'AL 


STMT21 


004 




MVI 


ACCU+6,X'0C' 


RESTORE LAST DIGIT 


ST.-1T22 


004 




SH 


RIO, OECR 




DECRFASfc COUNT 


STMT23 


004 




BC 


2, LOOP 




TEST FOR CO^tPLETION 


ST1T24 


004 




MVC 


PRT, MASK 




MASK TO PR INT AREA 


ST-1T25 


004 




ED 


PRT, ACCU 




EDIT RESULT 


STMT26 


004 


FINE 


XIO 


PRT(x'4o' ; 


1,17 


PRINT RESULT 


STMT27 


004 




BC 


1,PERR 




TPST PRINTE-t NOT OK 


STMT 2 8 


005 




BC 


4, FINE 




TEST PRINTER WORKNG 


STMT29 


005 




TIGB 


*,X'40' 




TEST ENU OF I/O 


STMT30 


005 




TIOB 


PERR,X«41' 


1 


TEST PRINTER ERROR 


STMT31 


005 


HALT 


HPR 


X»999' ,0 




DISPLAY 999 


STMT32 


005 




BC 


15, HALT 




LOCK RESTART 


STMT33 


005 


PERR 


HPR 


X'lll',0 




DISPLAY 111 


STMT34 


005 




BC 


15, FINE 




REPEAT PRINT 


STMT35 


005 




END 


INOA 






STMT36 


006 






Figure 37. Assembler Produced Program Listing 
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APPENDIX A. SUMMARY OF BASIC ASSEMBLER INSTRUCTIONS 



o 



I Description and Function 

I 



Base Register Instr uctions 

Use Base Address Register 
Drop Base Address Register 



Program Linkin g Ins tructions 

Identify Entry T^oint 
Identify External Symbol 



Definition Instructions 



Equate Symbol 
Define Constant 
Define Storage 



Assembler Control Instructions 



Start Program 

Reset Location Counter 

End of Program 



»T--Type (C, X, H or Y) 
L--Length Modifier 
C — Constant 
I 



Name 



not used 
not used 



not used 
not used 



optional 
optional 
optional 



optional 
not used 
not used 



Operation 



USING 
DROP 



ENTRY 
EXTRN 



EQU 

DC 

DS 



-+- 



START 
ORG 

END 



Operand 



Reloc. exp . ,abs. exp. 
Simple abs. exp. 



Relocatable symbol 
Relocatable symbol 



-f 



Expression 

TLCi 

DFL2 



Self-defining value 
Relocatable expression 
Relocatable expression 
-f 



2D--Duplication Factor 
F--Field (C or H) 
L--Len gt h 



o 



o 
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APPENDIX B. SOHMARY OF MACHINE-INSTRUCTIONS 



r— - ■ -I 

1 


r ' ~\ 


■ ■ - ■' " - ' -1 


1 — 

Basic 




, ._ 


■ 1 

1 


1 Mnemonic 


Name of 


Operation 


Machine 


Operand Field 




Page | 


1 Code 
1 


Instruction 


Codei 


Format 


Format 




Number] 


1 AH ' 


Add Halfword 


r 

4A 


RX 


R1, D2(X2,B2) 


1 1 
1 53 1 


1 AR 


Add 


1A 


RR 


R1,R2 




51 1 


1 AP 


Add Decimal 


FA 


SS 


D1 (LI ,B1) ,D2 (L2, 


rB2) 


57 1 


1 BAS 


Branch anr! Store 


4D 


RX 


E1,D2(X2,B2) 




71 1 


1 BASR 


Branch an*^. Store 


OD 


RR 


R1,R2 




71 1 


I BC 


Branch on Condition 


47 


RX 


Ml, D2(X2,B2) 




70 1 


1 BCR 


Branch on Condition 


07 


RR 


M1,R2 




70 1 


1 CH 


Compare Halfword 


t|9 


RX 


R1, D2{X2,S2) 




52 1 


1 CIO 


Control I/O 


9B 


SI 


D 1 ( B 1 ) , UF 




37 1 


1 CLC 


Compare Logical 


D5 


SS 


D1 (L,B1) ,D2(B2) 




64 1 


1 CLI 


Compare Logical Immediate 


95 


SI 


D1 (B1) ,12 




64 1 


1 CP 


Compare Decimal 


F9 


SS 


D1 (L1,B1) ,D2{L2, 


B2) 


57 1 


1 DP 


Divide Decimal 


FD 


SS 


D1 (LI ,B1) ,D2(L2, 


rB2) 


59 1 


1 ED 


Edit 


DE 


SS 


D1 (L,B1) ,D2(B2) 




64 1 


1 HPR 


Halt and I'roceed 


1 99 


SI 


D1 (B1) ,12 




68 1 


1 LH 


Load Halfword 


48 


RX 


R1,D2 (X2,B2) 




52 1 


1 MP 


Multiply Decimal 


FC 


SS 


D1 (L1,B1) ,D2{L2, 


B2) 


58 1 


1 MVC 


Move Characters 


1 D2 


SS 


D1 (L,B1) ,D2 (B2) 




62 1 


1 MVI 


Move Immediate 


92 


SI 


D1 (B1) , 12 




62 1 


1 MVN 


Move Numerics 


1 D1 


SS 


D1 (L,B1) ,D2 (B2) 




63 1 


1 MVO 


Move With Offset 


F1 


SS 


D1 (L1,B1) ,D2{L2, 


B2) 


55 1 


1 MVZ 


Move Zones 


D3 


SS 


D1 (L,B1) ,D2 (B2) 




63 1 


1 NI 


And Logical Immediate 


94 


SI 


D1 (Bl) , 12 




67 1 


1 01 


Or Logical Immediate 


96 


SI 


D1 (Bl) ,12 




67 1 


1 PACK 


Pack 


F2 


SS 


D1 (L1,B1) ,D2(L2, 


B2) 


56 1 


1 SH 


Subtract "alfword 


4B 


RX 


R1,D2 (X2,B2) 




53 1 


1 SP 


Subtract ^^ecimal 


FB 


SS 


D1 (L1,B1) ,D2 (L2, 


B2) 


58 I 


1 SPSW 


Set PSW 


81 


SI 


D1 (Bl) 




48 1 


1 SR 


Subtract 


IB 


RR 


R1,R2 




51 1 


1 STH 


Store Halfword 


40 


RX 


R1, D2 (X2,B2) 




52 1 


1 TIOB 


Test I/O and Branch 


9A 


SI 


D1 (Bl) ,UF 




39 1 


1 TH 


Test under Mask 


91 


SI 


D1 (Bl) , 12 




67 1 


1 TR 


Translate 


DC 


SS 


D1 (L,B1) ,D2 (B2) 




68 1 


1 UNPK 


Unpack 


F3 


SS 


D1 (L1,B1) ,D2(L2, 


B2) 


56 1 


1 XIO 


Execute I/O 


DO 


SS 


PI (UF,B1) ,D2 (B2) 




37 1 


1 ZAP 


Zero and Add Decimal 


F8 


SS 


D1 (L1,B1) ,D2(L2, 


B2) 


56 1 






^Hexadecimal Equivalent of actual Machine Operation Code. 
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APPENDIX _C^ SUMKABY OF INPUT/OUTPUT INSTHUCTIONS 






r -■ ■■ 1 


■ ■■-[ 

'"'nemonic 


Op 


"1 

erand 


i — ■■■ ■■■■' 1 


1 Machine 


Operation Code 


u 


F 


Function i 

1 




XIO 




2 


r 1 
Read Card | 


1 2501 


XIO 




A 


*Read Card, Column Binary | 


1 Card Reader 


TIOB 







Test Reader Busy | 


1 Model A1 or A2 


TIOB 




1 


Test Reader Error | 


I , 


TIOB 




a 


Test Last Card | 




XIO 


2 


2 


Read Primary Card | 




XIO 


2 


A 


* Read Primary Card, Column Binary | 




XIO 


2 


3 


Read Secondary Card | 




XIO 


2 


B 


* Read Secondary Card, Column Binary | 




XIO 


2 


4 


Punch Primary Card | 




XIO 


2 


5 


Punch Secondary Card | 




XIO 


2 


6 


Punch and Feed Primary Card | 




XIO 


2 


7 


Punch and Feed Secondary Card 1 


1 2560 


XIO 


2 





* Write Card | 


1 Multi-Function 


TIOB 


2 





Test Reader/Punch Busy | 


1 Card Machine 


TIOB 


2 


1 


Test Reader/Punch Error | 




TIOB 


2 


2 


Test Card Printer Busy | 




TIOB 


2 


a 


Test Last Card | 




TIOB 


2 


5 


Test Feed Error | 




CIO 


2 





Primary Card Stacker Select | 




CIO 


2 


1 


Secondary Card Stacker Select | 




CIO 


2 


2 


Punch Card Stacker Select | 




CIO 


2 


3 


* Print Head Select | 




r 1 










XIO 


2 


2 


Read Card | 




XIO 


2 


A 


* Read Card, Column Binary | 




XIO 


2 


4 


Punch Card | 




XIO 


2 


6 


Punch and Feed | 


1 2520 


TIOB 


2 





Test Reader Busy | 


1 Card Read 


TIOB 


2 


1 


Test Reader Error | 


1 Punch 


TIOB 


2 


2 


Test Punch Busy | 




TIOB 


2 


3 


Test Punch Error | 




TIOB 


2 


4 


Test Last Card | 




TIOB 


2 


5 


Test Feed Error | 


J 


CIO 


2 





Stacker Select | 

1 


r 1 






*1 


r 1 




XIO 


2 


6 


Punch Card | 


1 2520 


TIOB 


2 


2 


Test Punch Busy | 


1 Card Punch 


TIOB 


2 


3 


Test Punch Error 1 


1 Model A2 or A3 


TIOB 


2 


5 


Test Feed Error | 


1 


CIO 


2 





Stacker Select | 




XIO 


3 


6 


Punch Card | 


1 1*^42 


TIOB 


3 


2 


Test Punch Busy | 


! Card Punch 


T lOB 


3 


3 


Test Punch Error i 


1 Model 5 


TIOB 


3 


5 


Test Feed Error | 




r 










XIO 


^ 





Print 1 


1 2203 or m03 


XIO 


U 


1 


Print and Space Suppress | 


1 Printer 


TIOB 


1 ^ 





Test Printer Busy | 




TIOB 


U 


1 


Test Printer Error | 




TIOB 


1 "^ 


2 


1 Test Channel 9 | 




TIOB 


u 


3 


Test Channel 12 | 




TIOB 


1 ■ ^ 


4 


1 * Test Channel 9 (upper) | 




TIOB 


u 


5 


* Test Channel 12 (upper) | 



f^' 



J 



♦Optional Feature 



o 
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.' 


-- -- --" ■- ■-■"-1 

''nemonic 




op 


erand 


' ■■■ ■ — 


1 


1 Machine 


Operation Code 


u 


F 


Function 




1 2203 or 1U03 


TIOB 


n 


6 


Test Carriage Busy 




1 Printer 


CIO 


u 


4 


Immediate Space 






CIO 


4 


5 


Immediate Skip 






CIO 


4 


6 


Delayed Space 






CIO 


4 


7 


Delayed Skip 






CIO 


4 


8 


* Immediate Space (upper) 






CIO 


H 


9 


* Immediate Skip (upper) 






CIO 


4 


A 


* Delayed Space (upper) 






CIO 


4 


B 


* Delayed Skip (upp er) 






CIO 


4 


C 


* Immediate Space (both) 






CIO 


4 


D 


* Immediate Skip (both) 






CIO 


4 


E 


* Delayed Space (both) 






CIO 


4 


F 


* Delayed Skip (both) 




1 Communica- 


XIO 


5 


2 


Receive Record 




1 tions 


XIO 


5 


^ 


Transmit Record 




1 Adapter 


TIOB 


5 





Test C.A. Busy 




1 (C.A.) 


TIOB 


5 


1 


Test C.A Error 






TIOB 


5 


5 


Test Received SOT 






CIO 


5 





Set Receive Mode 




1 


CIO 


5 


2 


Send EOT 






CIO 


5 


3 


Inhibit Audible Alarm 


















1 




1 






1 Binary 


XIO 


5 





Transmit and Receive 




1 Synchronous 


XIO 


5 


1 


Receive Initial 




1 Communications 


XIO 


5 


2 


Address Prepare 




1 Adapter (BSCA) 


XIO 


5 


3 


Auto Call 






XIO 


5 


4 


Receive 






XIO 


5 


8 


Transmit 






TIOB 


5 





Test Any Indicator Set 






TIOB 


5 


8 


Test Busy 






CIO 


5 





Disable ITB 






CIO 


5 


1 


Enable ITB 






CIO 


5 


2 


Enable BSCA 






CIO 1 


5 


3 


Disable BSCA 






CIO 


5 


6 


Store Current Address 






CIO 


5 


7 


Store Sense Information 






CIO 


5 


8 


Store ITB Address 




J 












r 1 












1 Serial 


XIO 


ft 


2 


Read I/O Device (Time sharing) 




1 Input/ 


XIO 


6 


4 


Write I/O Device (Time sharing) 




1 Output 


XIO 


6 


10 


Read I/O Device (Burst) 




1 Channel 


XIO 


6 


12 


Write I/O Device (Burst) 






TIOB 


6 


1 


Test I/O Transfer 1 






TIOB 


6 


2 


Test I/O transfer 2 






TIOB 


6 


3 I 


Test I/O Transfer 3 






TIOB 


6 


4 


Test I/O Transfer 4 






TIOB 


6 


5 1 


Test I/O Transfer 5 






TIOB 


6 


6 


Test I/O Transfer 6 






TIOB 


6 


7 1 


Test I/O Transfer 7 






TIOB 


6 


8 


Test I/O Transfer 8 






TIOB 


6 


9 1 


Test Read Transfer Error 






CIO 


6 





Unit Control 






CIO 


6 


1 


I/O Select 




1 


t 




1 






1 1 


r 1 




1 






1 2U15 


XIO 


7 





Perform Tape Operation 




J 











-f 


1 1 

1 2311 


XIO 


8 





Perform Disk Operation 



♦ Optional Feature 
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APPENDIX D. SUMMARY OF DIAGNOSTIC MESSAGES 






[MESSAGE 
J. 



ERRO° CONDITION 



1.) Assetmbly executed using the Basic Assembler (Card) 

(a) columns 1-2U and/or column 72 not blank, or 

(b) operation code and/or operand missing. 

2.) Assembly executed using the Basic Assembler (Tape) 

(a) column 72 not blank, or 

(b) operation code and/or operand missing. 



Di 



1.) This EQU statement is unnamed. 

2.) This START, ENTRY, or EXTRN statement is misplaced. (The statement is 
ignored) . 



1- 



Li 



The value of the location counter has exceeded the storage size for program 
execution as specified in the Basic Assembler Control card (card column 9) . 
Notes: An instruction byte may not occupy the last (highest order) available 
main storage address. 
A constant or data byte may be located at this position. 



The name of this statement is defined more than once. 






Ri 



The name of this statement does not conform to the rules as follows; 

• It has more than four characters, or 

• its first character is not alphabetic, or 

• it contains an illegal character. 



f. 



This mnemonic operation code is invalid 



In this s'-atement 

1.) a relocatable expression has been used in an absolute field, or 

2.) an absolute expression has been used in a relocatable field, or 

3.) the y-Register field in an RX-instruction is not zero, or 

U.) a relocatable expression could not be split into a valid base a 

a displacement. (A USING statement is either missing, or wrong 

misplaced.) 






o 



ddress and 
, or 



One 


of the 


printed wh 


1.) 


An in 


2.) 


The -p 


3.) 


A del 


^.) 


The o 


5.) 


A sym 




chara 


6.) 


A sel 




chara 


7.) 


A sym 




inval 


8,) 


A sel 


9.) 


An am 




rrect 


10.) 


A DS 


11.) 


A DS 


12.) 


A DC 



operands in this statement is invalid. This diagnostic message is 
en one or more of the following conditions occur: 
valid character is used as a delimiter. 

irst character of a symbol in the operand entry is not alphabetic, 
imiter is incorrectly used. 

perand af a START, ORG, or EQU statement is invalid, 
bol or self-defining value in the operand entry contains an invalid 
cter. 

f-defining value or a symbol in the operand entry contains too many 
cters- 

bol or a self-defining value in the operand entry is followed by an 
id character. 

1^ — flf»fininn walno ov c^eds storaap caDacitv. 

persand or an apostrophe used within a character constant is inco- 
ly specified. 

duplication factor is too high, 
statement contains an invalid operand, 
statement is incorrectly specified. 



1 Warning messages that do not suppress the punching of the object deck. 



o 
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o 



I MESSAGEI 



ERRO^ CONDITION 



I Ti |The symbol table was filled by the name of the last ireceding statement. The | 
I Iname of this statement cannot be accommodated. | 

I + . ^ 

I U2 |1.) The operand entry contains an undefined symbol. | 

I 1 2.) The operand entry of an EQU^ ORG, or END statement contains a symbol that | 
I I is not previously defined. | 

J. 1 ^ ^ 

I Wi I The length of a constant defined by a DC statement exceeds the explicit length.] 

1 Warning messages that do not suppress the punching of the object deck. 
2U-messages of type (1) do not suppress the punching of the object deck, those of type 
(2) do suppress punching. 



^b|^P 
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APPENDIX E. CONDITION CODES 



Add Regi 

Subtract 

1 

Fixed Po 



Code Setting: 



Mask Used to Test the Code: 



Fixed Po int Arithmetic (RR Format) 

ster (AR) 
Register (SR) 



Add Half 

Compare 

Subtract 



illt_Arithmetic [RX_Format)_ 

-word (AH) 
Half-word (CH) 
Half-word (SK) 



Decimal 



Add Pack 
Compare 
Subtract 
Zero Add 



Arithmetic 

ed (AP) 

Packed (CP) 
Packed (SP) 
Packed (ZAP) 



Logical Ope rati ons 

AND Logical Immediate (MI) 

Compare Logical ('"LC,CLI) 

Edit and Mark (ED) 

OR Logical Immediate (01) 

Test Under Mask (TM) 



Input/Outpu t Op erations 
Execute Input/Output (XIO) 

Control Input/OutPut (CIO) 
(referring to the 1U03/2203 
carriage only) 



00 



Result=0 
Result^O 



Result=0 

0p1=0p2 

Result^O 



-+ 

Result^O 
0pl=0p2 
Result=0 
Result^^O 
+ 



O 



Result=0 
0p1=0p2 
source field 
Result=0 
Result^O 



Unit avail. 

Device 
available 



01 



+ 






Result<0 
Result<0 



Result<0 

0p1<0p2 

Result<0 



Result>0 
Result>0 

Result>0 
Op 1>0p2 
Result>0 



Result<0 
Op 1<0p2 
Result<0 
Result<0 



Resulti^O 
Op 1<0p2 
source field 
Result?tO 
Result mixed 



Unit working 

Device 
worki ng 



10 



f 



Result>0 
0p1>0p2 
Result>0 
Result>0 



0p1>0p2 
source field 



11 



o verf low 
over flow 



Result all 
ones 

Unit not 
operational 
Device not 
operational 



o 



^^^imp^ 
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o 



APPENDIX F. CHARACTER CODES 



This appendix lists all System/360 card codes to which a printer graphic is assigned 



o 



^^J 



EBCDIC 


CARD PT'NCH 


CODE_ 


COMBINATION 


00000000 


12,0,9,8,1 


00000001 


12,9,1 


00000010 


12,9,2 


00000011 


12,9,3 


00000100 


12,9,4 


00000101 


12,9,5 


00000110 


12,9,6 


00000111 


12,9,7 


00001000 


12,9,8 


00001001 


12,9,8,1 


00001010 


12,9,8,2 


0000101 1 


12,9,8,3 


00001100 


12,9,8,4 


00001101 


12,9,8,5 


00001110 


12,9,8,6 


00001111 


12,9,8,7 


00010000 


12, 11, ".,8,1 


00010001 


11,9,1 


00010010 


11,9,2 


00010011 


11,9,3 


00010100 


11,9,4 


00010101 


11,9,5 


00010110 


11,9,6 


000101 1 1 


11,9,7 


00011000 


11,9,8 


00011001 


11,9,8,1 


0001 1010 


11,9,8,2 


00011011 


11,9,8,3 


00011 100 


11,9,8,4 


00011101 


11,9,8,5 


000111 10 


11,9,8,6 


000111 1 1 


11,9,8,7 


00100000 


11,0,9,8, 1 


00100001 


0,9, 1 


00100010 


0,9,2 


0010001 1 


0,9,3 


00100100 


0,9,4 


00100101 


0,9,5 


001001 10 


0,9,6 


001001 11 


0,9,7 


00101000 


0,9,8 


00101001 


0,9,8,1 


00101010 


0,9,8,2 


0010101 1 


0,9,8,3 


00101100 


, 9 , [5 , 4 


00101101 


0,9,8,5 


00101110 


0,9,8,6 


001011 11 


, 9 , P) , 7 


001 10000 


12,11,0,9,8 


00110001 


9, 1 


001 10010 


9,2 


001 1001 1 


9, } 


001 10100 


9,4 


011010 1 


9,5 


001 101 10 


9, 6 


0110111 


9,7 



PRINTER 
GRAPHIC 



DECIMAL 


HEXADECIMAL 







00 




1 


01 




2 


02 




3 


03 




4 


04 




5 


05 




6 


' 06 




7 


07 




8 


08 




9 


09 




10 


OA 




11 


OB 




12 


OC 




13 


OD 




14 


OE 




15 


OF 




16 


10 




17 


1 1 




18 


12 




19 


1 3 




20 


14 




21 


15 




22 


16 




23 


17 




24 


1 8 




2 5 


1 9 




26 


1A 




27 


IB 




28 


1C 




29 


ID 




30 


IE 




31 


IF 




]2 


20 




3 3 


21 




34 


22 




35 


2 3 




36 


24 




n 


2 5 




38 


2 6 




59 


27 




40 


2 8 




41 


2 9 




42 


2A 




4 3 


2n 




44 


2C 




4 5 


2n 




46 


2 I'] 




4 7 


2F 




4 8 


]0 




49 


n 




50 


32 




51 


] ] 




5 2 
1. ) 


"4 




54 


) ) 




55 


r? 






Ai)p«>ii(lix F. 


Ch<»r.ic;t (>i 



V, 



Codcv; 



8') 



00111000 


9,8 


00111001 


9,8,1 


00111010 


9,8,2 


00111011 


9,8,3 


00111100 


9,8,4 


00111101 


9,8,5 


00111110 


9,8,6 


00111111 


9,8,7 


01000000 




01000001 


12,0,9,1 


01000010 


12,0,9,2 


01000011 


12,0,9,3 


01000100 


12,0,9,4 


01000101 


12,0,9,5 


01000110 


12,0,9,6 


01000111 


12,0,9,7 


01001000 


12,0,9,8 


01001001 


12,8,1 


01001010 


12,8,2 


01001011 


12,8,3 


01001100 


12,8,4 


01001101 


12,8,5 


01001110 


12,8,6 


01001111 


12,8,7 


01010000 


12 


01010001 


12,11,9,1 


01010010 


12,11,9,2 


01010011 


12,11,9,3 


01010100 


12,11,9,4 


01010101 


12, 11,°, 5 


01010110 


12,11,9,6 


01010111 


12, 11,^^,7 


01011000 


12,11,^,8 


01011001 


11,8,1 


01011010 


11,8,2 


01011011 


11,8,3 


01011100 


11,8,4 


01011101 


11,8,5 


01011110 


11,8,6 


010 11111 


11,8,7 


01100000 


11 


01100001 


0,1 


01100010 


11,0,9,2 


01100011 


11,0,9,3 


01100100 


11,0,9,4 


01100101 


11,0,9,5 


01100110 


11,0,9,6 


01100111 


11,0,9,7 


01101000 


11 ,0,9,8 


01101001 


0,8,1 


01101010 


12,11 


1101011 


0,8,3 


01101100 


0,8,4 


01101101 


0,8,5 


01101110 


0,8,6 


01101111 


0,8,7 


01110000 


12,11,0 


01110001 


12,11,^,9,1 


01110010 


12,11,0,9,2 


01110011 


12,11,0,9,3 


01110100 


12,11,0,9,4 


01110101 


12,11,0,9,5 


01110110 


12,11,0,9,6 


01110111 


12,11,0,9,7 


01111000 


12,11,0,9,8 


01111001 


8, 1 


01111010 


0,2 


01111011 


0,3 


on 11100 


0,4 


01111101 


0,5 



blank 



56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 



38 
39 
3A 
3B 
3C 
3D 
3E 
3F 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 
4D 
4E 
4F 
50 
51 
52 
53 
54 
55 
56 
57 
58 
5 9 
5A 
5B 
5C 
5D 
5E 
5F 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
.6B 
6C 
6D 
6E 
6F 
70 
71 
72 
73 
74 
75 
76 
17 
70 
7 9 
7A 
7B 
7C 
7D 






^kmr 
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L#r 



O 



^^kulJV 



01111110 


8,5 




= 


1111111 


8,7 




»i 


10000000 


12,0,8, 1 




10000001 


12,0, 


1 




10000010 


12,0,2 




10000011 


12,0,. 


3 




10000100 


12,0,4 




10000101 


12,0,5 


3 




10000110 


12,0,6 




10000111 


12,0,7 




10001000 


12,0,8 




10001001 


12,0,9 




10001010 


12,0,8,2 




10001011 


12,0, J 


3,3 




10001100 


12,0,8,4 




10001101 


12,0,( 


3,5 




10001110 


12,0,8,6 




10001111 


12,0, J 


3,7 




10010000 


12,11 


r",1 




10010001 


12,11. 


1 




10010010 


12,11 


,2 




10010011 


12, 11 


? 




10010100 


12,11 


, u 




10010101 


12,11 


^ 




10010110 


12,11 


,^ 




1001011 1 


12,11 


-f 




10011000 


12,11 


^p 




10011001 


12,11 


o 




10011010 


12,11 


r»,2 




10011011 


12,11 


r^3 




10011100 


12,11 


,%4 




10011101 


12, 11 


r«,5 




10011110 


12,11 


,",6 




1001111 1 


12, 11 


.",7 




10100000 


11,0,^ 


3,1 




10100001 


11,0, 






10100010 


11 /O,: 






10100011 


11,0,, 






10100100 


1 1 ,0,i 






10100101 


11,0,' 






101001 10 


11 ,0,f 






101001 11 


11,0,' 






10101000 


11,0,^ 






10101001 


11/0, f 






10101010 


1 1 , , f 


3,2 




10101011 


11,0,{ 


3,3 




10101100 


11,0,f 


3,4 




10101101 


11,0,5 


3,5 




101011 10 


11 ,0,E 


3,6 




10 10 1111 


11,0,f 


3,7 




101 10000 


12,11 


,0,8,1 




10110001 


12,11 


0,1 




101 10010 


12,11 


r0,2 




101 1001 1 


12,11 


0,3 




10110100 


12,11 


rf^,4 




101 10101 


12,11 


f^,5 




101101 10 


12,11 


,0,6 




10 110111 


12, 11 


0,7 




101 11000 


12,11 


,f^,B 




10 1 IIOO'I 


12,11, 


0,9 




101 11010 


12,11 


,0,8,2 




1011101 1 


12, 11 


0,8,1 




10111100 


12,11 


,0,8,4 




10111101 


12,11, 


0,8,', 




10111110 


12,11 


,0,8,6 




10 111111 


12,11, 


0,0,7 




1 1000000 


12,0 






1 loooodi 


12,1 




A 


1 1000010 


12,2 




n 


1 1000011 


12,1 




c 



126 


7E 




127 


7F 




128 


80 




129 


81 




130 


82 




131 


83 




132 


84 




133 


85 




134 


86 




135 


87 




136 


88 




137 


£9 




138 


8 A 




139 


83 




140 


8C 




141 


8D 




142 


8E 




143 


8F 




144 


90 




145 


91 




146 


92 




147 


93 




148 


94 




149 


95 




150 


96 




151 


97 




152 


98 




153 


99 




154 


9A 




155 


9B 




156 


9C 




157 


9D 




158 


9E 




159 


9F 




160 


AG 




161 


A1 




162 


A2 




163 


A3 




164 


A4 




165 


A5 




166 


A6 




167 


A7 




168 


A8 




169 


A9 




170 


AA 




171 


AB 




172 


AC 




173 


AD 




174 


AE 




175 


AF 




176 


BO 




177 


Bl 




178 


R2 




179 


B3 




180 


B4 




1'8 1 


B5 




182 


B6 




183 


B7 




184 


B 8 




185 


B9 




186 


BA 




187 


BB 




188 


BC 




189 


BD 




190 


BE 




191 


BF 




192 


CO 




19 3 


CI 




194 


C2 




195 


C ^ 






A ['jioml i X F 


. Ch.ir.urt, (M 



Codo; 



9 1 



11000100 


12,4 


D 


11000101 


12,5 


E 


11000110 


12,6 


F 


11000111 


12,7 


G 


11001000 


12,8 


H 


11001001 


12,9 


I 


11001010 


12,0,9,8,2 




11001011 


12,0,9,8,3 




11001100 


12,0,9,8,4 




11001101 


12,0,9,8,5 




11001110 


12,0,9,8,6 




11001111 


12,0,9,8,7 




11010000 


11,0 




11010001 


11,1 


J 


11010010 


11,2 


K 


11010011 


11,3 


L 


11010100 


11,4 


M 


1 1010101 


11,5 


N 


11010110 


11,6 





1 1010111 


11,7 


P 


11011000 


11,8 


Q 


11011001 


11,9 


R 


11011010 


12, 11,9,8,2 




11011011 


12,11,9,8,3 




1 1011100 


12, 11, ",8,4 




11011101 


12,11 ,«,8,5 




11011110 


12, 11,9,8,6 




1 1011111 


12,11 ,",8,7 




11100000 


0,8,2 




11100001 


11,0,9,1 




11100010 


0,2 


£ 


11100011 


0,3 


T 


11100100 


0,4 


U 


11100101 


0,5 


V 


1 1100110 


0,6 


W 


1 1100111 


0,7 


X 


11101000 


0,8 


Y 


1 1101001 


0,9 


Z 


11101010 


11,0,9,8,2 




11101011 


11,0,9,8,3 




1 1101100 


11,0,9,8,4 




11101101 


11,0,9,8,5 




1 1101110 


11,0,9,8,6 




11101111 


11,0,9,8,7 




1 11100 








1 1110001 


1 


1 


1 11 10010 


2 


2 


11110011 


3 


3 


111 10100 


4 


4 


1 1110101 


5 


5 


11110110 


6 


6 


11110111 


7 


7 


1 11 11000 


8 


8 


1 1111001 


9 


9 


11111010 


12, 11, n, 9, 8, 2 




11111011 


12,11,0,9,8,3 




1 11 11100 


12, 1 1,f^,9,8,4 




11111101 


12,11,0,9,8,5 




11111110 


12, 11,0,9,8,6 




11111111 


12,11,0,9,8,7 





196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
2 30 
231 
2 32 
233 
2 34 
235 
2 36 
237 
2 38 
239 
240 
241 
242 
243 
244 
2 45 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 



C4 
C5 
C6 
CI 
C8 
C9 
CA 
CB 
CC 
CD 
CE 
CF 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
DA 
DB 
DC 
DD 
DE 
DF 
EO 
El 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
EA 
EB 
EC 
ED 
EE 
EF 
FO 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FA 
FB 
FC 
FD 
FE 
FF 



^>Ui.lt 



o 
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APPENDIX G. HEXADECIMAL-DECIKAL NUMBER CONVERSION TABLE 



^W^ 



The table in this appendix provides for direct conversion of decimal and hexadecimal num- 
bers between 0000 and 4095 (hexadecimal 000 and FFF) . 

For numbers outside the range of the table, add the following values to the table 
figures: 



Hexadecimal 


Decimal 


1000 


4 09 6 


2000 


8192 


3000 


12288 


UOOO 


16384 


5000 


20480 


6000 


24576 


7000 


28672 


8000 


32768 



adecimal 
9000 


Decimal 
36864 


AOOO 


40960 


BOOO 


45056 


COOO 


49152 


DOOO 


53248 


EOOO 


57344 


FOOO 


61440 



00 0000 0001 0002 0003 0004 0005 0006 0007 0008 0009 0010 0011 0012 0013 0014 0015 

01 0016 0017 0018 0019 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031 

02 0032 0033 0034 0035 0036 0037 0038 0039 0040 0041 0042 0043 0044 0045 0046 0047 

03 0048 0049 0O50 0051 0052 0053 0054 0055 0056 0057 0058 0059 0060 0061 0062 0063' 



o 



04 
05 
06 
07 



0064 0065 

0080 0081 

0096 0097 

0112 0113 



0066 
0082 
0098 
0114 



0067 
0083 
0099 
0115 



0068 
0084 
0100 
0116 



0069 
0085 
0101 
0117 



0070 
0086 
0102 
0118 



0071 
0087 
0103 
0119 



0072 
0088 
0104 
0120 



0073 
0089 
0105 
0121 



0074 
0090 
0106 
0122 



0075 
0091 
0107 
0123 



0076 
0092 
0108 
0124 



0077 
0093 
0109 
0125 



0078 0079 
0094 0095 
0110 0111 
0126 0127 



08 
09 
OA 
OB 



0128 0129 

0144 0145 

0160 0161 

0176 0177 



0130 
0146 
0162 
0178 



0131 
0147 
0163 
0179 



0132 
0148 
0164 
0180 



0133 
0149 
0165 
0181 



0134 
0150 
0166 
0182 



0135 
0151 
0167 
0183 



0136 
0152 
0168 
0184 



0137 
0153 
0169 
0185 



0138 
0154 
0170 
0186 



139 
0155 
0171 
0187 



0140 
0156 
0172 
0188 



0141 
157 
0173 
189 



0142 0143 
0158 0159 
0174 0175 
0190 0191 



OC 
OD 
OE 
OF 



0192 0193 

0208 0209 

0224 0225 

0240 0241 



0194 
0210 
0226 
0242 



0195 
0211 
0227 
0243 



0196 
0212 
0228 
0244 



0197 
0213 
0229 
0245 



0198 
0214 
0230 
0246 



0199 
0215 
0231 
0247 



0200 
0216 
0232 
0248 



0201 
0217 
0233 
0249 



02 02 
0218 
0234 
0250 



0203 
0219 
0235 
0251 



0204 
0220 
0236 
0252 



0205 
0221 
0237 
0253 



0206 0207 
22 2 02 2 3 
0238 0239 
0254 0255 



10 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271 

11 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 02B7 

12 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 30 2 0303 

13 0304 0305 0"<06 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319 

14 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0335 

15 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351 

16 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367 

17 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383 

18 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399 

19 0400 0401 0402 0403 0404 0405 0406 0407 0408 0109 0410 0411 0412 0413 0414 0415 
lA 0416 0417 0418 0419 0420 0421 0422 0423 0424 0125 0426 0427 0428 0429 0430 0431 
IB 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447 



IHy^Jv 



1C 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463 

ID 0454 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479 

IE 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495 

IF 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 05 11 
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20 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 

21 0528 0529 0^30 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 

22 0544 0545 0*^46 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 

23 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 






24 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 

25 0592 0593 0*^94 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 

26 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 

27 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 



28 
29 
2A 
2B 

2C 
2D 
2E 
2F 



0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 

0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 

0672 0673 0f^74 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687 

0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 

0704 0705 0''06 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 

0720 0721 0*^22 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 

0736 0737 0*^38 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 749 0750 0751 

0752 0753 0''54 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 



30 0768 0769 0"'70 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 

31 0784 0785 0"'86 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 

32 0800 0801 0P02 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 

33 0816 0817 O^'IB 0819 0820 0821 0822 0823 0824 0825 0326 0827 0828 0829 0830 0831 



34 0832 0833 0O34 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 

35 0848 0849 0«50 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 

36 0864 0865 0^66 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 

37 0880 0881 0«82 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 

38 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 09 11 

39 0912 0913 0"14 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3A 0928 0929 0^130 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
3B 0944 0945 0'>46 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 



\^jr 



3C 0960 0961 0^62 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 

3D 0976 0977 0^78 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 

3E 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 

3F 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 



40 


1024 


1025 


1026 


1027 


1028 


1029 


1030 


1031 


1032 


1033 


103 4 


1035 


1036 


10 37 


1038 


1039 


41 


1040 


1041 


1042 


104 3 


1044 


1045 


1046 


1047 


1048 


1049 


1050 


1051 


105 2 


1053 


1054 


10 55 


42 


1056 


1057 


1058 


1059 


1060 


1061 


1 062 


106 3 


1064 


1065 


1066 


1067 


1068 


1069 


1070 


1071 


4 3 


1072 


1073 


1074 


1075 


1076 


1077 


107 3 


1079 


1080 


1081 


1082 


108 3 


1084 


1085 


1086 


1087 


44 


1088 


1089 


1090 


1091 


1092 


1093 


1094 


1095 


1096 


1097 


1098 


1099 


1100 


1 101 


1 102 


1103 


45 


1104 


1105 


1106 


1107 


1108 


1109 


1 1 10 


1111 


1112 


1113 


1114 


1115 


11 16 


1117 


1118 


11 19 


46 


1120 


1121 


1122 


1123 


1 124 


1125 


1126 


1127 


1128 


1129 


1130 


1131 


1132 


1133 


1 134 


11 35 


47 


1136 


1137 


1138 


1139 


1140 


1141 


1 142 


1143 


1144 


1145 


1146 


1147 


1148 


1149 


115 


115 1 


48 


1152 


1153 


1154 


1155 


1156 


1157 


1158 


1159 


1160 


116 1 


1162 


116 3 


1 164 


116 5 


1 16 6 


11 67 


49 


1168 


1169 


1170 


1171 


1172 


1173 


1174 


1175 


1176 


1177 


1178 


1179 


1180 


1 181 


1 182 


1183 


4A 


1184 


1185 


1186 


1187 


1138 


1189 


1190 


1191 


1192 


119 3 


1194 


1195 


1 196 


1197 


11 98 


1199 


4B 


, 1200 


1201 


1?02 


1203 


1204 


12 05 


1206 


1207 


1208 


1209 


1210 


1211 


1212 


1213 


1214 


12 15 


4C 


1216 


1217 


1218 


1219 


1220 


1221 


1222 


122 3 


1224 


122 5 


1226 


1227 


1228 


1229 


123 


12 n 


4D 


1232 


123 3 


17 34 


12 3 5 


1236 


12 37 


1238 


1239 


124 


1241 


1242 


124 3 


1244 


124 5 


124 6 


12 47 


4E 


1248 


1249 


1250 


125 1 


1252 


1253 


1254 


1255 


1256 


1257 


12 5 8 


1259 


126 


1261 


126 2 


126 1 


4F 


1264 


1265 


1266 


1267 


1268 


1269 


1270 


1271 


1272 


1273 


1274 


127 5 


1276 


1277 


127 8 


12 79 



o 



94 System/360 Model 20 Bar.ic Asr,t>nibl(?L Lancjuayo 



o 



50 
51 
52 
53 



1280 1281 

1296 1297 

1312 1313 

1328 1329 



1282 
1?98 
1314 
1330 



1283 
1299 
1315 
1331 



1284 
1300 
1316 
1332 



1285 
1301 
1317 
1333 



1286 
1302 
1318 
1334 



1287 
130 3 
1319 
1335 



1288 
130 4 
1320 
1336 



1289 
1305 
1321 
1337 



1290 
1306 
1322 
1338 



1291 
1307 
1323 
1339 



1292 
1308 
1324 
1340 



1293 
1309 
1325 
1341 



1294 1295 

1310 1311 

1326 1327 

1342 1343 



54 
55 
56 
57 



1344 1345 

1360 1361 

1376 1377 

1392 1393 



1346 
1362 
1378 
139 4 



1347 
1363 
1379 
1395 



1348 
1364 
1380 
1396 



1349 
1365 
1381 
1397 



1350 
1366 
1382 
1398 



1351 
1367 
1383 
1399 



1352 
1368 
1384 
1400 



1353 
1369 
1385 

1401 



1354 
1370 
1386 
1402 



1355 
1371 
1387 
1403 



1356 
1372 
1388 
1404 



1357 
1373 
1389 

1405 



1358 1359 

1374 1375 

1390 1391 

1406 1407 



58 
59 
5A 
5B 



1408 1409 

1424 1425 

1440 1441 

1456 1457 



1410 
1426 
1442 
1458 



1411 
1427 
1443 
1459 



1412 
1428 
1444 
1460 



1413 
1429 
1445 
1461 



1414 
1430 
1446 
1462 



1415 
1431 
1447 
1463 



1416 
1432 
1448 
1464 



1417 
1433 
1449 
1465 



1418 
1434 
1450 
1466 



1419 
1435 
1451 
1467 



1420 
1436 
1452 
1468 



1421 
1437 
1453 
1469 



1422 1423 

1438 1439 

1454 1455 

1470 1471 



5C 
5D 

5E 
5F 



1472 1473 

1488 1489 

1504 1505 

1520 1521 



1474 
1490 
1-^06 
1522 



1475 
1491 
1507 
1523 



1476 
1492 
1508 
1524 



1477 
1493 
1509 
1525 



1478 
1494 
1510 
1526 



1479 
1495 
1511 
1527 



1480 
1496 
1512 
152 8 



1481 
1497 
1513 
1529 



1482 
1498 
1514 
1530 



1483 
1499 
1515 
1531 



1484 
1500 
1516 
1532 



1485 
1501 
1517 
1533 



1486 1487 

1502 1503 

1518 1519 

1534 1535 



60 1536 1537 1S38 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 

61 1552 1553 1*^54 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 

62 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 

63 1584 1585 1'^86 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 






64 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 

65 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 

66 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 

67 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 

58 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 

69 1680 1681 1682 1683 1684 1685 1686 1687 1688 1589 1690 1691 1692 1693 1694 1695 

6A 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 

6B 1712 1713 1"'14 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 



6C 1728 1729 1'^30 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 

6D 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 

6E 1760 1761 1-'62 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 

6F 1776 1777 ^'^18 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 



70 1792 1793 1*^94 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 

71 1808 1809 1^10 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 

72 1824 1825 1026 1827 1828 1829 183 1831 1832 1833 1834 1835 1836 1837 1838 1839 

73 1840 1841 1«42 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 

74 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 

75 1872 1873 1P74 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 

76 1888 1889 1P90 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 

77 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 

78 1920 1921 1^22 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 

79 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7A 1952 1953 1^54 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
7B 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 



^^^m 



7C 1984 1985 1^586 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996.1997 1998 1999 

7D 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

7E 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 

7F 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 



Appendix G. Hexadecimal-Decimal Number Conversion Table 95 



80 20U8 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 

81 2064 2065 2066 2067 2068 2069 2070 2 071 2072 2073 2074 2075 2076 2077 2078 2079 

82 2080 2081 2^82 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095 

83 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2 109 2110 2111 



^mmJ^ 



84 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 

85 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 

86 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2 157 2158 2159 

87 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 

88 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 

89 2192 2193 2194 2195 2196 2197 2198 2199 2200 220 1 2202 2203 2204 2205 2206 2207 
8A 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
8B 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 

8C 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 

8D 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 

8E 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 

8F 2288 2289 2290 229 1 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 



90 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 

91 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 

92 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 

93 2352 2353 2354 2355 2355 2357 2358 2359 2360 2361 2362 236o 2364 2365 2356 2367 



94 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383 

95 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
95 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415 

97 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2425 2427 2428 2429 2430 2431 

98 2432 2433 2434 2435 2435 2437 2438 2439 2440 244 1 2442 2443 2444 2445 2446 2447 

99 2448 2449 2450 2451 2452 2453 2454 2455 2455 2457 2458 2459 2460 2461 2462 2463 
9A 2464 2465 2466 2467 2468 2469 2470 247 1 2472 2473 2474 2475 2476 2477 2478 2479 
9B 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 249 1 2492 2493 2494 2495 



o 



9C 2495 2497 2498 2499 2500 2501 2502 2503 2504 2505 2505 2507 2508 2509 2510 25 11 

9D 2512 2513 2'^14 2515 2515 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527 

9E 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 

9F 2544 2545 2'^46 2547 2548 2549 2550 2551 2552 2553 2554 2555 2555 2557 2558 2559 



AO 2560 2551 2'^62 2553 2564 2565 2565 2567 2568 2569 2570 257 1 2572 2 573 2574 2575 

A1 2576 2577 2'^78 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591 

A2 2592 2593 2'^94 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607 

A3 2608 2509 2^10 2611 2612 2613 2614 2615 2616 2617 2618 2619 2520 2621 2622 2623 

A4 2624 2525 2626 2627 2628 2629 2630 2531 2532 2633 2634 2635 2536 2637 2638 26 39 

A5 2640 2641 2542 2643 2644 2545 2646 2647 2648 2549 2550 2651 2652 2553 2554 2555 

A6 2656 2557 2558 2659 2660 2651 2562 2653 2654 2665 2656 2667 2568 2669 2670 2671 

A7 2572 2673 2574 2675 2575 2677 2678 2679 2680 258 1 2582 2683 2684 2585 2686 2687 

A8 2688 2689 2590 269 1 2592 2693 2594 2695 2596 2697 2698 2699 2700 2701 2702 2703 

A9 2704 2705 2''05 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719 

AA 2720 2721 2'^22 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735 

AB 2736 2737 2'738 2739 2740 2741 2742 2743 2744 2745 2745 2747 2748 2749 2750 2751 



AC 2752 2753 2''54 2755 2756 2757 2758 2759 2760 275 1 2762 275 3 2764 2765 2766 2757 

AD 2758 2759 2''70 277 1 2772 2773 2774 2775 2775 2777 2770 2779 2700 2701 2702 270? 

AE 2784 2785 2''06 2707 2788 2789 2790 279 1 2792 279 3 2794 2795 2796 2797 2790 279') 

AF 2800 2801 2^02 2803 2804 2805 2806 2007 2808 2809 2810 2811 2012 201} 2014 2815 






96 Systein/360 KoiIpI 20 Hdsic Assemblot L.uujUiKjo 



o 



BO 2816 2817 2818 2819 2820 2821 2822 2823 282U 2825 2826 2827 2828 2829 2830 2831 

B1 2832 2833 2034 2835 2836 2837 2 83 8 2839 2840 28'I1 28U2 2843 2844 2845 2846 2847 

32 2848 2849 2«50 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863 

B3 2864 2865 2866 2867 2368 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 



B4 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 

B5 2896 2897 2P98 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 29 11 

B6 2912 2913 2914 2915 2916 29 17 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927 

B7 2928 2929 2<'30 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943 

B8 2944 2945 2946 2947 2948 2949 2950 2 951 2952 2953 2954 2955 2956 2957 2958 2959 

B9 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 

BA 2976 2977 2^78 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991 

BB 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 

BC 3008 3009 3f^10 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023 

BD 3024 3025 3^26 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 

BE 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055 

BF 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 



o 



CO 


3072 


3073 


3074 


3075 


3076 


3077 


3078 


3079 


3080 


3081 


3082 


3083 


3084 


3085 


3086 


3087 


CI 


3088 


3089 


3'^90 


3091 


3092 


3093 


3 09 4 


3095 


3096 


3097 


3098 


3099 


3100 


3101 


3102 


3103 


C2 


3104 


3105 


3106 


3107 


3108 


3109 


3110 


3111 


3112 


3113 


3114 


3115 


3116 


3117 


3118 


31 19 


C3 


3120 


3121 


3122 


3123 


3124 


3125 


3126 


3127 


3128 


3129 


3130 


3131 


3132 


3133 


3134 


3135 


C4 


3136 


3137 


3138 


3139 


3140 


3141 


3142 


3143 


3144 


3145 


3146 


3147 


3148 


3 149 


3150 


3151 


C5 


3152 


3153 


3154 


3155 


3156 


3157 


3158 


3159 


3160 


3161 


3162 


3163 


3164 


3165 


3166 


3167 


C6 


3168 


3169 


3170 


3171 


3172 


3173 


3174 


3175 


3176 


3177 


3178 


3179 


3180 


3181 


3182 


3183 


C7 


3184 


3185 


3186 


3187 


3188 


3189 


3190 


3191 


3192 


3193 


3194 


3195 


3196 


3197 


3198 


3199 


C8 


3200 


3201 


3202 


3203 


3204 


3205 


3 206 


3207 


3208 


3209 


3210 


3211 


3212 


3213 


3214 


3215 


C9 


3216 


3217 


3218 


3219 


3220 


32 21 


3222 


3223 


3 22 4 


3225 


3226 


3227 


3 2 28 


3229 


3230 


32 31 


Ck 


3232 


3233 


3234 


3235 


3236 


3237 


3238 


3239 


3240 


3241 


3242 


3243 


3244 


3245 


324 6 


3247 


CB 


3248 


3249 


3250 


3251 


3252 


3253 


3254 


3255 


3 25 6 


3257 


3258 


3259 


3 26 


3261 


3262 


3263 


CC 


3264 


3265 


3766 


3267 


3268 


3269 


3270 


3271 


327 2 


3273 


3274 


3275 


3276 


3277 


3278 


3279 


CD 


3280 


3281 


3282 


3283 


3284 


3285 


3286 


3287 


3288 


3289 


3290 


3291 


3292 


3293 


3294 


32 9 5 


CE 


3296 


3297 


3298 


3299 


3300 


3301 


3302 


3303 


3304 


33 5 


3306 


3307 


3308 


3309 


3 31 


3311 


CF 


3312 


3313 


3314 


3315 


3316 


33 17 


3318 


33 19 


3 3 20 


33 21 


3322. 


3 323 


3324 


3325 


3 32 6 


3327 



o 



DO 


3328 


3329 


3330 


333 1 


3 332 


33 33 


3 33 4 


3 3 3 5 


3 3 36 


3337 


3 338 


3 3 39 


3 3 40 


3341 


3 34 2 


3343 


D1 


3344 


3345 


3346 


3347 


3348 


33 49 


3350 


3351 


3352 


33 5 3 


3354 


3 355 


3356 


3 3 57 


3358 


3359 


D2 


3360 


33 61 


3362 


3363 


3 364 


3365 


3 366 


3367 


336 8 


3369 


3370 


3371 


3 372 


3 37 3 


3374 


3375 


D3 


3376 


3377 


3 378 


3379 


3380 


3381 


3 382 


338 3 


3384 


3305 


3386 


3387 


3388 


3389 


3 39 


3391 


D4 


3392 


3393 


3394 


3 39 5 


3 39 6 


33 97 


3398 


3399 


3400 


34 01 


3402 


34 03 


34 04 


3 405 


34 06 


3407 


D5 


3400 


3409 


3410 


3411 


3412 


34 13 


3414 


3415 


34 16 


3417 


34 18 


3419 


3420 


3421 


3422 


34 2 3 


D6 


3424 


3425 


3426 


34 27 


3428 


3429 


3 430 


3431 


3432 


34 3 3 


3434 


3435 


3436 


3 4 37 


3438 


34 3 9 


D7 


3440 


34 41 


3442 


344 3 


3444 


3445 


3 44 6 


3447 


3448 


344 9 


34 50 


3 4 51 


3452 


3 4 53 


3 454 


34 55 


D8 


3456 


3457 


3458 


3459 


3 46 


3 4 61 


3462 


346 3 


3 46 4 


346 5 


34 66 


3467 


34 68 


3469 


3470 


3471 


D9 


3472 


3473 


34 74 


3475 


3476 


3477 


3 478 


3479 


3480 


3481 


34 82 


3483 


3484 


3405 


3 4 06 


34 07 


DA 


3488 


3489 


3490 


3491 


3492 


34 93 


3494 


34 9 5 


3496 


3497 


349 8 


3499 


3 500 


3 50 1 


r>0 2 


35 3 


DB 


3504 


35 05 


3'^06 


3507 


3 50 8 


3509 


3510 


3511 


3512 


3513 


3514 


3 515 


3516 


r)17 


3 510 


35 19 


DC 


3520 


3521 


3'-^22 


3523 


3 524 


3 5 25 


3526 


3527 


3520 


3529 


35 30 


3 5 3 1 


35 3 2 


35 3 3 


r)3 4 


35 3 5 


DD 


35 36 


35 37 


3'^30 


35 }9 


3540 


35 41 


3542 


3543 


3 54 4 


35 4 5 


3 54 6 


3547 


3 540 


3 54 9 


3 55 


35 5 1 


DE 


3552 


J553 


3 '"^5 4 


355 5 


3 556 


3 5 57 


3 558 


3559 


356 


356 1 


35 6 2 


r)6 3 


356 4 


3 565 


3 566 


35 67 


DF 


356 8 


3569 


3570 


357 1 


357 2 


35 73 


3 574 


3575 


3 57 6 


3577 


3578 


3 57 9 


35 


3 501 


3 50 2 


TjO \ 



Appendix G. liox adecima ]-D(-?c:i m<j 1 Numlx^r Con V(> i ::i on Trihlo 97 



o 



EO 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 

SI 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3512 3613 3614 3615 

E2 3616 3617 3f^18 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 

E3 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647 

E4 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 

E5 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 

E6 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 

E7 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 

E8 3712 3713 3*^14 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 

E9 3728 3729 3''30 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 

EA 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3756 3759 

EB 3760 3761 3*^62 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 

EC 3776 3777 3"^78 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791 

ED 3792 3793 3*^94 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 

EE 3808 3809 3R10 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 

EF 3824 3825 3^26 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 

FO 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 

F1 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 

F2 3872 3873 3^74 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 

F3 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903 



F4 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919 

F5 3920 3921 3^22 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935 

F6 3936 3937 3«538 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3 95 3951 

F7 3952 3953 3^54 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 

F8 3968 3969 3^70 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 

F9 3984 3985 3^86 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 

FA 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4013 4014 40 15 

FB 4016 4017 4018 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 
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FC 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 

FD 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 

FE 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079 

FF 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 
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Absolute Address 

A pattern of characters that identifies 
a unique storage location or device 
without further modification. 

Address 

1. An identification, as represented by 
a name, or number, for a register, 
location in storage, or other data 
source or destination. 
2- Loosely, any part of an instruction 
which specifies the location of an 
operand for the instruction. 

Address Constant 

A value, or an expression representing a 
value, interpreted as a storage address. 

Address Modification 

The process of changing the address part 
of a machine instruction by means of 
coded instructions. 

Address Register 

A register that stores an address. 

Allocate 

To assign storage locations or areas of 
storage for specific routines, portions 
of routines, constants, data, etc. 

Alphameric 

A generic term for alphabetic letters, 
numerical digits, and special 
characters. 

Assemble 

To prepare an object-language program 
from a symbolic-language program by sub- 
stituting machine operation codes for 
symbolic operation codes and absolute or 
relocatable addresses for symbolic 
addresses. 

Assembler 

A program that assembles. 

Attribute 

A characteristic; e.g., attributes of 
data include record length, record for- 
mat, data set name, associated device 
type and volume identification, use, 
creation date, etc. 

Base Register 

A register used for addressing purposes. 

Basic Assembler Language 

A symbolic language for the writing of 
source programs. 

Basic Assembler Program 

A program used to translate source pro- 
grams written in Basic Assembler lan- 
guage into machine language. 

Binary 

1. A characteristic or property involv- 
ing a selection, choice, or condi- 
tion in which there are two 
possibilitip»s. 

2. The number representation system 
with a base of two. 

Binary Code 



A code that makes use of two distin 
characters, usually and 1. 

Binary-Coded Character 

One element of a notation system fo 
representing alphameric characters 
as decimal digits, alphabetic lette 
punctuation marks, etc., by a fixed 
number of consecutive binary digits 

Binary-Coded Decimal 

A decimal notation in which the ind 
dual decimal digits are each repres 
by a binary code group; e.g., in th 
8-U-2-1 coded decimal notation, the 
number twenty-three is represented 
0010 0011, in binary notation, twen 
three is represented as 10111. 

Binary Digit 

A character used to represent one o 
integers smaller than the radix 2. 

Binary-to-Decimal Conversion 

Conversion of a binary number to th 
equivalent decimal number; i.e., a 
two number to a base-ten number. 

Bit 

A binary digit. 

Blank Character 

Any character or characters used to 
duce a character space on an output 
medium. 

Branch 

1. To depart from the normal seque 
of executing instructions in a 
computer . 

2. A machine instruction that can 

a departure as in (1) . Synonym 

with ' transfer' . 
Byte 

A sequence of adjacent binary digit 
operated upon as a unit. 
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Card Code 

The combinations 
represent charact 
etc.) in a punch 

Card Column 

One of the vertic 
positions on a pu 

Card Field 

A fixed number of 
columns assigned 
nature. 

Card Punch 

A device to recor 
by punching holes 
sent letters, dig 
characters. 

Card Reader 

A device which re 
internal form the 
cards. 

Card Stacker 

A mechanism which 



of punched holes which 
ers (letters, digits, 
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al lines of punching 
nched card. 

consecutive card 
to data of a specific 
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ket after they pass through a machine. 

Character 

One of a set of elementary symbols which 
may include decimal digits through 9, 
the letters A through Z, punctuation 
marks, and any other symbols acceptable 
to a computer for reading, writing or 
storing . 

Character Set 

A list of characters acceptable for cod- 
ing to a specific computer or input/ 
output device. 

Clear 

To put a storage device into a pre- 
scribed state, usually that denoting 
zero or blank. 

Coded Decimal 

A type of notation in which each decimal 
digit is identified by a group of binary 
ones and zeros. 

Column Binary 

Pertaining to the binary representation 
of data on punched cards in which adja- 
cent positions in a column correspond to 
adjacent bits of data. 

Command 

An instruction in machine language. 

Communicat ion 

The process of transferring information 
from one point, person, or piece of 
equipment to another. 

Computer 

1. A device capable of solving problems 
by acceptina data, performing pre- 
scribed operations on the data, and 
supplying the results of these 
operations. Various types of compu- 
ters are calculators, digital compu- 
ters, and analog computers. 

2. In information processing, usually, 
an automatic stor ed-progr am 
computer . 

Computer Instruction 

Same as machine instruction. 
Constant 

A fixed or invariable value or data 

item . 
Counter 

A device such as a register or storage 

location used to represent the number of 

occurrences of an event. 
Cycle 

1. An interval of space or time in 
which one set of events is 
completed . 

2. Any set of operations that is 
repeated regularly in the same 
sequence. "^he operations may be 
subject to variations on each 
repetition . 



Data 
A 



Any representation, 
quantities, to which 
assigned - 



such as character 
meaning might be 



Data Conversion 

The process of changing data from one 
form of representation to another. 



Data Processing 

A systematic sequence of operations 
formed on data. 

Data Processing System 

A network of machine components cap 
of accepting information, processin 
according to a plan, and producing 
desired results. 

Decimal 

1. A characteristic or property in 
ing a selection, choice or cond 
in which there are ten 
possibilities. 

2. The number representation syste 
with a base of ten. 

Decimal-to-Binary Conversion 

The conversion of a decimal number 
the equivalent binary number, i.e., 
base-ten number to a base-two numbe 

Decision 

A determination of future action. 

Decision Block 

A flowchart symbol whose interior c 
tains the criterion for decision or 
branching. 

Decision Instruction 

An instruction that selects a branc 
a program, e.g., a conditional bran 
instruction . 

Deck 

A collection of punched cards. 

Decrement 

The quantity by which a variable is 
decreased. 

Diagnostic 

The detection and isolation of a ma 
function or a mistake. 

Diagram 

A schematic representation of a seq 
of operations or routines. 

Digit 

1. Any of the arable numerals 1 to 
and the symbol 0. 

2. One of the elements that combin 
form numbers in a system other 
the decimal system. 

Displacement 

The difference (in bytes) between t 
contents of a base register (or the 
address represented by a symbol) an 
referenced storage location. 

Dumm y 

The characteristic of having the 
appearance of a specified thing but 
having the capacity to function as 
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EBCDIC 

(Extended Binary Coded Decimal Inter- 
change Code). A specific set of 0-bit 
codes standard throughout System/360. 

Edit 

To modify the form or format of data; 
e.g., to insert or delete characters 
such as page numbers or decimal point:? 

Effective Address 

Tlie absolute address of the current 
operand. This may differ frf)m th.it of 
th(^ instruct ion in stor.ige. 
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Error 

A genera 
value is 
componen 

ESD card 
ESD card 
required 
ments (s 
one segm 
segment) 

Execute 

To carry 
routine. 

Explicit Ad 
Specific 
register 
D(B). 



1 term to indicate that a data 
not correct or that a machine 
t is malfunctioning. 

s contain all information 

for the linking of program seg- 
uch as all symbols defined in 
ent but referred to in another 



out an instruction or perform a 

dressing 

ation of an address by a base 

and a 'displacement in the form 









File 

A collection of related records treated 
as a unit, e.g., in inventory control, 
one line of an invoice forms an item, a 
complete invoice forms a record , and the 
complete set of such records forms a 
file. 

Flowchart 

A graphical representation for the 
definition, analysis, or solution of a 
problem in which symbols are used to 
represent operations, data, flow, and 
equipment. 

Hexadecimal Number System 

A number system using the equivalent of 
the decimal number sixteen as a base. 

Hopper 

A device that holds cards and makes them 
available to a card feed mechanism. 
Contrast with card stacker. 

Identification 

A code number or code name which unique- 
ly identifies a record, block, file or 
other unit of information. 

Image 

An exact logical duplicate stored in a 
different medium. 

Immediate Address 

The designation of an instruction 
address which is used as data by the 
instruction of which it is a part. 

Implied Address 

The address assigned to a symbol by the 
Basic Assembler program. 

Index Register 

A register whose content is added to or 
subtracted from the operand address 
prior to or during the execution of an 
instruction. 

Indexing 

A technique of address modification 
often implemented by means of index 
registers. 

Initialize 

To set certain counters, switches and 
addresses at specified times in a com- 
puter routine. 

Input 



1. The data to be processed. 

2. The state or sequence of states 
occurring on a specified input 
channel. 

3. The device or collective set of 
devices used for bringing data into 
another device. 

U. A channel for impressing a state on 
a device or logic element. 
Input Area 

The area of internal storage into which 

data is transferred from external 

storage. 
Input/Output 

1. Common abbreviation I/O. A general 
term for the equipment used to com- 
municate with a computer. 

2. The data involved in such 
communication. 

3. The media carrying the data for 
input/output . 

Instruction 

A statement that specifies an operation 
and the values or locations of all 
operands. In this context, the term 
instruction is preferable to the terms 
command or order which are sometimes 
used as synonyms. Command should be 
reserved for electronic signals. Order 
should be reserved for sequence, inter- 
polation and related usage. 

Instruction Format 

The allocation of bits or characters of 
a machine instruction to specific 
functions. 

Interrupt 

1. A break in the normal flow of a sys- 
tem or routine such that the flow 
can be resumed from that point at a 
later time. 

2. To cause an interrupt. 

Language 

1. A defined set of characters which 
are used to form symbols, words, 
etc., and the rules for combining 
these into meaningful communication, 
e.g., English, French, Algol, FOR- 
TRAN, COBOL, etc. 

2. A combination of a vocabulary and 
rules of syntax. 

Linkage 

The interconnections between a main rou- 
tine and a closed routine, i.e. , entry 
and exit for a closed routine from the 
main routine. 

Load 

To place data 

Location 

A position in 
identified by 

Loop 

A sequence of 



into internal storage, 
is us u ally 



storage th<it 
an addresr. . 



instructions thdt is 
repeated until <i terminal condition 
ocrcurs. 



Machine Address 

Same <ir, absolute 
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Machine Code 

Same as operation code. 

Machine Instruction 

An instruction that the particular 
machine can recognize and execute. 

Machine Language 

A language that is used directly by a 
given machine. 

Macro Instruction 

A statement that is used in a source 
program and replaced by a specific 
sequence of machine instructions in the 
associated object program. 

Magnetic Ink 

Ink containing particles of magnetic 
substance which can be detected or read 
by automatic devices; e.g., the ink used 
for printing on some bank checks for 
magnetic character recognition. 

Magnetic Tape 

A tape with a magnetic surface on which 
data can be stored. 

Main Storage 

The fastest general purpose storage of a 
computer. Also, for the Model 20, 
storage within the CPU that can be 
addressed both ^or reading and writing 
data. 

Mask 

An alphameric character string consist- 
ing of one or more digits, used to test 
or alter the contents of storage 
positions. 

Mnemonic Code 

A mnemonic code resembles the original 
word and is usually easy to remember, 
e.g., ED for edit and MVC for move 
characters. 

Name 

An alphameric character string, normally 
Used to identify a program. 

Object Program 

A fully assembled program ready to be 

loaded in the computer. 
Operand 

That which is operated upon. An operand 

is usually identified by an address part 

of an instruction. 
Operation 

1. The act specified by a single com- 
puter instruction. 

2. A program step undertaken or 
executed by a computer, e.g., addi- 
tion, multiplication, extraction, 
comparison, shift, or transfer. The 
operation is usually specified by 
the operation part of an 
instruction. 

Operation Code 

The code that represents the specific 

operations of a computer. 
Output 

1. Data that has been processed. 

2. The state or sequence of states 
occurring on a specified output 
channel . 



3. The device or collective set of 

devices used for taking data out of 
a device. 
U. A channel for expressing a state on 
a device or logic element. 
Output Area 

The area of internal storage from which 
data is transferred to external storage. 
Overflow 

1. That portion of data that exceeds 
the capacity of the allocated unit 
of storage. 

2. The generation of overflow as in 
(1). 

Pack 

To combine two or more units of informa- 
tion into a single physical unit to con- 
serve storage. 

Padding 

A technique used to fill a block of 
information with dummy records, words or 
characters. 

Printer 

A device which expresses coded charac- 
ters as hard copy. 

Program 

1. The plan for the solution of a pro- 
blem including data gathering, pro- 
cessing and reporting. 

2. A group of related routines which 
solve a given problem. 

Programming Language 

A language used to prepare computer 

programs. 
Pseu do -Register 

A register with fixed contents used in 

conjunction with an IBM System/360 Model 

20. 
Punched Card 

1. A card punched with a pattern of 
holes to represent data. 

2. A card as in 1. before being 
punched. 

Read 

To transfer information from an input 
device to internal or auxiliary storage. 

Reader 

A device which converts information in 
one form of storage to information in 
another form of storage. 

Register 

A device capable of storing a specified 
amount of data such as one halfword. 

Relative Address 

An address expressed by a previously 
defined symbol and a displacement, 
(e.g. , FLD+10) . 

Relocate 

In programming, to move a routine from 
one portion of internal storage to 
another and to automatically adjust the 
necessary address references so that the 
routine, in its new location, can be 
executed. 

Reset 

To restore a storage device to pre- 
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scribed initial state, not necessarily 
that denoting zeros. 

Restart 

To return to a previous point in a pro- 
gram and resume operation from that 
point. 

RLD card 

RLD cards identify portions of the text 
that require mollification owing to relo- 
cation (such as address constants) . 

Self-Defining Term 

A term with an implied value (e.g., 300, 

X'2A' , C'F') 
Source Language 

A language that is an input to a given 

translation process. 
Source Program 

A program written in a source language. 
Special Character 

In a character set, a character that is 

neither a numeral nor a letter, e.g., -* 

$ = and blank. 
Statement 

In computer programming, a meaningful 

expression or gp>neralized instruction in 

a source language. 
Step 

1. One instruction in a computer 
routine. 

2. To cause a computer to execute one 
instruction. 

Storage 

1. Pertaining to a device into which 
data can be entered and from which 
it can be retrieved at a later time. 

2. Loosely, any device that can store 
data . 

Storage Capacity 

The amount of data (in bytes) that can 
be contained in a storage device. 

Store 

1. To enter data into a storage device. 

2. To retain data in a storage device. 
Subroutine 

A routine that can be part of another 
routine . 
Switch 



1. A symbol used to indicate a branch- 
ing point, or a set of instructions 
to condition a branch. 

2. A physical device which can alter 
flow . 

Symbol Table 

A mapping for a set of symbols to anoth- 
er set of symbols or numbers. 

Symbolic Address 

An address expressed in symbols con- 
venient to the programmer. 

Symbolic Language 

An artificial language used in logical 
expressions, that avoids all ambiguities 
and inadequacies of natural languages. 

System 

1. A collection of consecutive opera- 
tions and procedures required to 
accomplish a specific objective. 

2. An assembly of objects united to 
form a functional unit. 



Table 

A collection of data, each item being 
uniquely identified either by some label 
or by its relative position. 

Table Look-Up 

A procedure for obtaining the function 
value corresponding to an argument from 
a table of function values. 

Truncate 

To cut off at a specified spot (as con- 
trasted with round or pad) . 

TXT card 

TXT cards contain the user program in 
machine language. 

Unpack 

To recover the original data from packed 
data. 

Zero Suppression 

The elimination of non-significant zeros 

in a number. 
Zone 

The 12, 11, or punches in IBM card 

code. 
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Absolute addressing 22 

Absolute expressions 17 

Absolute program loader U1 ,7U 

Absolute programming 26 

Absolute symbols 15 

Add decimal (AP) 57 

Add half word (AH) 53 

Add register (A^) 51 

Additional assembly run. 72 

Address calculation 6 

Address constants 31 

Addressing , 

absolute 22 

effective 20 

explicit 21 

implied 20 

relative 16 

symbolic 20 

And (NX) 67 

Assembly, error elimination 72 

Assignment of storage addresses 18 

Base register address calculation 6 

Base registers 20,23 

Base registers, loading of 23 

Basic Assembler Control Instructions, 

END 3 4 

ORG 3 5 

START 3 4 

Basic Assembler Instructions 5,29 

DC 2 9 

DROP 25 

DS 32 

ENTRY 27 

EXTRN 27 

EQU 2'9 

summary of 82 

USING 2 3 

Basic Assembler program, 

card versions 72 

tape versions 74 

BASR instruction 23 

Binary arithmetic operations 49 

Binary Synchronous Communications 

Adapter 11,39 

Branches, conditional.. 46,70 

Branch and storp (BAS) 71 

Branch and store register (BASR) 71 

Branch on condition (BC) 70 

Branch on condition register (BCR)... 70 

Branching 69 

BSCA 1 1 ,39 

Card Versions Basic Assembler program 72 

Character codes, summary o^" 89 

Character constants 29 

Character self -defining t^jrms 15 

Character set 14 

CIO instruction 37 

CIO instruction. 

Communications Adapters 39 

print- head selection 30 



serial I/O channel 39 

skipping 39 

spacing 39 

stacker selection 38 

Coding conventions 9 

Coding form 9,10 

Comments cards 12 

Comments entries 12 

Communications adapters 39 

Compare decimal (CP) 57 

Compare halfword (CH) 52 

Compare logical (CLC) 64 

Compare logical (CLI) 64 

Compatibility 7 

Compound expressions 16 

Condition code 46 

Condition codes, summary of 88 

Conditional branches...., 46,70 

Constants 2 9 

Control input/output 37 

Control instructions 34 

Conversion table, 

hex a decimal -decimal 93 

C-type operand of DS instruction 33 

DC instruction 29 

DC instructions, grouping of. 32 

Decimal arithmetic operations... 53 

Decimal self-defining terms 14 

Define constant 29 

Define storage 32 

Defining symbols 15 

Definition instructions 5,29 

Definition of constants, sequence.... 32 

Diagnostic messages 74 

Diagnostic messages, summary of 86 

Direct addressing 22 

Displacement 20 

Divide decimal (DP) 59 

DROP instruction 25 

DS instruction 32 

DS instruction, 

C-type operand of DS instruction... 33 

duplication factor... 33 

H-type operand 32 

Dummy punch cycle 41 

Duplication factor 33 

Edit (ED) 6 4 

Effective addressing 20 

END instruction 34 

ENTRY instruction 27 

EQU instruction 29 

Error elimination 72 

Error messages.. 74 

Evaluation of expressions 17 

Execute input/output 37 

Explicit d d dr ess i n g 21 

Expressions 16 

Expressions , 

absolute 17 

compound 16 
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evaluation of 17 

relocatable 17 

External symbols 15 

EXTRN instruction ,.... 27 

Formats of instructions 44 

Functions of the assembler language.. 20 

General registers 22 

General registers, restrictions on... 22 
Grouping DC instructions 32 

Half-word constants 31 

Hexadecimal constants 30 

Halt and proceed (HPR) 48,68 

Hexadecimal-decimal conversion table. 93 

Hexadecimal sel-F-def ining terms 14 

HPR.. 48,6 8 

H-type operand of DS instruction 32 

Identification-sequence entries 12 

Implied addressing 20 

Incompatible instructions 7 

Indexing 21 

Indexing with R^-format instructions. 46 

Input/Output instructions 5,37 

Input/Output macro instructions 40 

Instruction entries 11 

Instruction formats 45 

Interrupts 41 

Introduction 5 

Invalid names, pxamples 11 

IOCS macro instructions 40 

IOCS macro instructions, summary of . 41 

I/O instructions, sequence of 40 

I/O instructions, summary of 85 

I/O interrupts 41 

I/O routines 41 

Joint assembly 11 

Joint execution 27 

Language compatibility 8 

Language structure 14 

Linking.... 6, 27, 36 

Listing 6 

Load half word (LH) 52 

Loading object programs 74 

Loading of base registers 23 

Location counter 17 

Location counter, 

reference to 19 

resetting of 19,35 

Location-counter overflow 19 

Machine requirements 6 

Machine-instruction formats 45 

Machine-instruction formats, 

summary of 44 

Machine-instruction statements 5,43 

Machine instructions, summary of 83 

Machine operations. Types of 49 

Binary arithmetic 49 

Decimal arithmetic 53 

Non-arithmetic 61 

Main storage requirements, 

assembly 75 

execution 75 



Maximum system configuration 7 

Minimum system configuration 6 

Mnemonic 5 

Mnemonic codes 45,8 3 

Move characters (MVC) 62 

Move immediate (MVI) 62 

Move numerics (MVN) 63 

Move with offset (MVO) 55 

Move zones (MVZ) 63 

Multiply decimal (MP) 58 

Name entry 11 

Name specifications 11 

Nl-inst ruction 67 

Non-arithmetic operations 61 
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